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PREFACE. 


In  writing  the  present  treatise,  my  object  lias  been  to 
produce  a  work  dealing  comprehensively  with  the  subject 
of  materials  and  their  use  in  certain  branches  of  construc- 
tive art,  viz.  the  massive  works  usually  intrusted  to  civil 
engineers  and  architects,  and  throughout  I  have  carefully 
avoided  the  introduction  of  the  higher  branches  of  mathe- 
matical investigation ;  and  in  so  doing  I  have  not  omitted 
problems  of  the  classes  usuaUy  treated  by  high  mathema- 
tical processes,  but  have  substituted  simpler,  but  equally 
convincing,  lines  of  argument  for  the  more  abstruse 
processes  of  analysis. 

It  wiU  be  found  that  algebraical  arithmetic,  or  simple 
forms  of  equations,  supply  the  basis  of  calculation,  and 
this  basis  is  indeed  amply  sufficient  for  aU  the  theoretical 
reasoning  that  is  called  for  in  the  consideration  of  the 
practical  problems  engaging  our  attention. 

From  the  above  remarks  it  will  be  seen  that  the  work  is 
designed  especially  for  all  those  readers  who  desire  to 
become  thoroughly  acquainted  with  the  theories  of  struc- 
tures and  the  practical  application  of  resxilts  in  the  simplest 
way,  and  not  as  a  mathematical  exercise.  It  may  be 
advisable  to  say  a  few  words  in  explanation  of  the  stress 
I  lay  upon  the  importance  of  this  simplicity  of  calculation. 
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There  are  comiDaratively  few  of  those  entering  upon  g 
mechanical  profession  who  are  thoroughly  accomplished 
mathematicians,  and  once  launched  upon  the  business  oi 
life— or  what  is  equivalent  to  it,  the  probationary  term 
which  precedes  actual  remunerative  employment— the  tyro 
wiU  not  desire  to  give  time  to  the  study  of  abstruse 
science,  beyond  the  point  where  it  ceases  to  be  absolutely 
necessary  for  his  purposes  ;  and  there  are  many  who  have 
only  learned  these  exact  sciences  bit  by  bit  as  they  have 
found  them  necessary. 

Another  matter  of  common  consideration  is,  that  even  i^ 
those  who  have  become  proficient  at  school  and  college  in 
pure  mathematics,  this  knowledge,  unless  sedulously  main- 
tained  and  reinforced  by  after-study,  rapidly  decays,  and 
is  often  only  with  great  difficulty  revived ;  and  the  time 
absorbed  by  this  reinforcement  or  revival  is  generaUy 
required  for  the  purposes  of  more  directly  practical  study. 

Although  all  structures  should  combine  in  themselvesj 
both  strength  and  stability,  I  have,  for  the  sake  of  clear- 
ness,  separated  the  two  classes  as  far  as  can  conveniently 
be  done  for  theoretical  investigation;  showing,  however, 
their  necessary  connection  in  suitable  places. 

In  the  examples  taken  to  illustrate  the  methods  of 
calculation,  I  have  carefully  selected  cases  such  as  occur 
in  every-day  practice,  and  carried  them  through,  in  order 
to  leave  no  doubt  or  difficulty  as  to  the  practical  applica- 
tion of  the  formulge. 

In  conclusion,  I  would  add  that  this  work  is  not  intended 
in  any  way  as  an  elementary  introduction  only  to  the 
science  of  construction,  but  deals  fully  and  finally  with  all 
the  subjects  included  in  its  syllabus. 
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CHAPTEE  I. 

INTRODUCTO-RY  -  CONSTITUTION  OF  MATTER -ELAS 
TICITY— INTERNAL  FORCES— EXTERNAL  FORCES 

The  adaptation  of  the  various  materials  furnished  by 
nature,  or  elaborated  from  natural  products,  to  the  pur- 
poses of  constructive  art,  necessarily  requires  a  certain 
amount  of  practical  and  technical  knowledge  on  the  part 
of  the  constructor ;  but  it  should  not  be  imagined  that  this 
knowledge  is  of  so  special  a  character,  or  so  intricate  in  its 
details,  as  to  limit  its  attainment  to  a  select  few,  and  it  will 
be  shown  to  be  based  merely  upon  careful  and  persistent 
observation,  whence  are  derived  data  upon  which,  by  an 
ordinary  course  of  reasoning,  the  technical  principles  are 
founded. 

In  the  present  treatise  I  shall  carefully  avoid  clothing 
the  demonstrations  and  investigations  which  will  occupy 
our  attention  in  the  language  of  high  mathematics,  and 
shall  use  such  expressions  as  may  be  familiar  to  those  who 
have  not  been  specially  educated  to  consider  the  subjects 
here  dealt  with. 

Ifc  is  obvious  that  the  commencement  must  be  made  by 
an  inquiry  into  the  nature  of  the  materials  presenting 
themselves  to  our  notice,  and  therefore  we  must  consider 
the  constitution  of  solid  matter  generally,  in  order  to 
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ascertain  by  what  properties  it  is  rendered  available  for 
constructive  purposes,  and  bow  these  properties  act  in 
enabling  it  to  resist  external  agencies  tending  to  its 
destruction  or  deterioration.  In  using  the  term  destruction, 
I  limit  its  application  to  the  destruction  of  a  certain  body, 
only  in  so  far  as  it  is  rendered  useless  for  some  specific 
purpose  to  which  it  is  applied. 

All  so-called  solid  matter  really  consists  of  numerous 
aggregations  of  very  small  particles,  each  such  aggrega- 
tion forming  a  molecule,  and  these  molecules  are  of  the 
same  materials  as  the  whole  mass.  If  by  mechanical 
means  a  solid  mass  be  broken  down  into  small  particles, 
each  particle  is  still  of  the  same  nature  as  the  mass  of 
which  it  formed  a  part— that  is,  its  chemical  composition 
is  not  affected. 

In  the  solid  mass  itself  the  molecules  are  not  in  actual 
contact  with  one  another ;  the  mass  is  not  really  solid,  but 
is  full  of  pores,  or  interstices;  so  the  particles  are  sustained 
at  some  distance  from  each  other,  this  distance  forming  a 
characteristic  of  the  material— thus  lead  is  a  close  and  cork 
an  open  material. 

That  the  molecules  of  matter  are  not  in  contact  is 
evident  from  the  contraction  of  bodies  under  reductions  of 
temperature,  or  from  the  effects  of  externally  acting 
mechanical  forces. 

If  a  mass  of  matter  at  rest  be  acted  upon  in  such  a  way 
as  to  distort  its  shape,  and  when  the  acting  force  is 
removed  it  resumes  that  shape,  such  a  body  is  said  to  be 
"elastic,"  and  it  is  by  virtue  of  its  elasticity  that  it 
recovers  its  normal  form.  If  the  original  shape  is  exactly 
resumed,  then  the  elasticity  of  the  material  is  said  to  be 
perfect,  and  no  disarrangement  of  its  constituent  molecules 
has  occurred  ;  but  if  the  elasticity  is  impaired,  then  a  per- 
manent set  or  distortion  has  taken  place,  which  may  or 
may  not  alter  the  actual  strength  of  the  material  according 
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to  the  circumstances  under  which  it  has  been  brought 
about. 

Let  us  picture  to  ourselves  the  condition  of  the  small 
particles,  or  molecules,  as  they  exist  when  aggregated 
together  in  a  mass  of  matter  at  rest.  All  the  particles  are 
standing  apart  in  space,  balanced  at  certain  distances  from 
each  other  by  forces  which  must  be  of  antagonistic  natures, 
such  as  attraction  and  repulsion ;  for,  did  attractive  forces 
alone  act,  the  molecules  would  be  in  contact,  while  under 
the  sole  influence  of  repellent  agencies  they  would  fly 
asunder  and  the  mass  assume  the  form  of  highly  attenu- 
ated gas,  expanding  and  spreading  without  limit. 

It  is  not  my  purpose  to  enter  upon  any  inquiry  as  to  the 
nature  or  quality  of  these  forces  or  their  origin  ;  it  is  suffi- 
cient for  the  present  object  to  know  from  observation  that 
they  exist  in  various  degrees  of  intensity  in  all  the  mate- 
rials used  in  construction,  and  that  we  can  ascertain  their 
relations  to  external  force  by  experiment,  and  so  arrive  at 
data  as  to  the  inherent  strengths  of  different  kinds  of 
material. 

When  a  body  is  at  rest,  the  two  forces  must  just  balance 
each  other,  and  so  keep  the  molecules  in  equilibrium. 
These  forces  are  called  the  Internal  Forces. 

By  the  action  of  any  external  force  upon  a  body  the 
equilibrium  of  its  molecules  is  disturbed ;  thus,  if  pressure 
be  brought  to  bear  upon  it  simply,  the  internal  attractive 
force  is  assisted  in  the  direction  of  the  pressure,  and  the 
particles  approach  each  other  in  that  direction,  partially 
overcoming  the  repelling  molecular  forces,  although  these 
again  may  act  laterally,  causing  the  body  as  it  shortens  to 
become  wider  :  on  the  other  hand,  a  pulling  force  will  aid 
the  repellent  forces  and  lengthen  the  body,  but  those 
repellent  forces  become  weakened  in  their  lateral  action, 
and  as  the  body  stretches  it  becomes  narrower.  These  are 
direct  forces,  producing  stress  upon  material,  and  into 
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them  all  other  forces  must  be  reduced  in  order  to  compare 
them  with  the  direct  resistances  of  solids  to  distortion  or 
fracture. 

It  was  discovered  a  long  time  ago  that  the  amount  of 
extension  or  compression  a  body  undergoes — that  is,  its 
actual  lengthening  or  shortening — is,  if  its  elasticity  be 
perfect,  in  direct  ratio  to  the  intensity  of  the  force  pro- 
ducing it ;  thus,  if  1 0  tons  will  lengthen  a  certain  piece 
of  iron  by  one  ten-thousandth  part  of  its  original  length, 
then  20  tons  wiU  leugthen  it  by  one  five- thousandth  part,  > 
and  so  on. 

For  purposes  of  comparison  and  calculation  it  is  neces- 
sary to  have  tabular  numbers  to  give  the  elasticity  of  the 
various  materials ;  for  this  end  certain  co-efficients,  as 
they  are  called,  have  been  thus  determined: — Let  the 
weight  required  to  produce  a  certain  measurable  elonga^ 
tion  of  any  given  material  be  determined,  the  body  ex- 
perimented upon  being  of  equal  dimensions  throughout  its 
length,  one  inch  square  and  perfectly  straight,  with  the 
weight  so  adjusted  as  to  act  accurately  in  the  direction  of 
its  length.  Then  multiply  the  weight  by  the  original 
length  of  the  bar,  and  divide  the  product  by  the  extension 
of  the  bar  under  the  influence  of  the  weight.  The  quotient 
is  called  the  "  modulus  of  elasticity  "  of  the  material,  and 
is  the  weight  that  would,  were  such  a  thing  possible, 
stretch  the  bar  to  twice  its  original  length. 

The  "modulus  of  elasticity"  having  been  once  deter- 
mined, it  is  easy  to  calculate  the  extension  or  compression 
of  a  body  of  given  length  and  sectional  area  under  any 
given  stress,  as  we  have  only  to  multiply  the  length  by  the 
strain  per  sectional  square  inch,  and  divide  the  product  by 
the  modulus  of  elasticity  ;  as,  acting  through  short  dis- 
tances, the  elastic  resistance  to  compression  is  measured 
by  the  same  modulus  as  the  resistance  to  extension. 

I  wiU  now  consider  generally  the  action  of  external 
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forces  that  do  not  lie  directly  in  tlie  line  of  the  internal 
resisting  forces,  for  it  will  presently  be  found  that  it  is 
with  this  class  of  strains  we  shall  principally  have  to  deal 
in  regard  to  structures  of  all  descriptions. 

In  Fig.  1  let  A  B  C  D  be  a  side  view  of  the  layers  of 
molecules  forming  a  beam  supported  at  the  points  C  D ; 
the  material  being  supposed  to  be  imstrained,  the  mole- 
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cules  will  be  uniformly  arranged  as  indicated  by  the  dots. 
Now  let  a  force,  W,  be  brought  upon  it  so  that  it  becomes 
bent,  then  it  will  assume  the  form  shown  by  the  diagram 
E  F  G  H,  where  G  and  H  are  the  points  of  support,  which 
react  upwards  with  a  total  force  equal  to  W  acting  down- 
wards. It  is  evident  that  the  molecules  in  the  upper 
layer,  E  F,  are  crowded  together  by  the  change  of  form, 
whilst  those  in  the  layer  G  H  are  stretched  apart ;  the 
layers  next  to  these  external  ones  undergoing  similar 
changes  in  a  less  degree,  until  at  the  layer  I K  there  is 
neither  crowding  nor  stretching.  There  will  be  compres- 
sive strain  on  the  concave  side  then,  of  the  beam  and 
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tensile  strain  on  the  convex  side,  and  the  beam  will 
endeavour  to  regain  its  normal  form  by  the  repulsion  of 
its  molecules,  m,  on  each  other,  and  the  attractions  of 
those,  m',  tending  to  restore  each  vertical  layer,  m  m',  to  its 
original  vertical  position,  by  revolving  it  about  a  point  in 
the  layer  IK.  I K  is  termed  the  neutral  layer,  or  neutral 
axis. 

This  illustrates  the  internal  resistances  of  a  beam  to 
bending  as  a  number  of  pushing  and  puUing  efforts  acting 
along  the  two  arms  of  a  lever,  those  of  opposite  kinds 
being  on  opposite  sides  of  the  fulcrum. 

The  intensities  of  these  elastic  resistances  and  their 
effects  will  be  exactly  ascertained  when  treating  of  the 
behaviour  of  materials  subjected  to  bending  or  transverse 
stress. 

When  material  is  placed  between  two  edges  so  that  on 
their  being  pressed  towards  each  other  a  tendency  to  sever 
it  arises,  the  strain  is  known  as  shearing  strain ;  this  occurs 
on  the  rivets  joining  plates  on  which  longitudinal  forces 
act :  a  diagram  will  clearly  illustrate  the  manner  in  which 
this  stress  acts. 

In  Fig.  2  let  A  and  B  be  two  edges  acting  upon  the 
opposite  surfaces  of  the  body  E  F  in  such  a  manner  as  to 
shear  it  along  the  line  c  d.  The 
A/^ic  action  tends  to  force  each  mole- 

o  o  000°  0000       cule  downwards,  and  away  from 
^  oocoo°°°°°  ^    ^"^^^  opposite  it,  and  the  result 
00000°°°°°       will  be  different  according  to  the 
0000  0-^°  000  o 


d  !^^^  nature  of  the  material.    It  may 

¥ B  happen  that  as  a  layer  of  mole- 

Fig.  2.  cules  is  forced  down  from  the  op- 

posite layer,  in  coming  opposite 
the  layer  next  below,  it  will  be  attracted  by  that  with 
sufl&cient  force  to  maintain  the  continuity  of  the  mass,  if 
the  shearing  force  be  now  stopped.    Such  a  case  is  ex- 
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liibited  by  lead ;  but  if  this  does  not  occur,  the  mass  will 
Tbe  divided  at  c  d,  and  the  molecules  having  been  forced 
asunder,  it  is  evidently  tensile  stress  that  has  been  called 
into  action ;  therefore,  we  should  expect  the  shearing 
resistance  of  a  body  to  be  for  equal  areae  equal  to  its 
tensile  resistance,  and  this  is  found  to  be  the  general  rule 
in  non-crystaUine  matter.  The  failure  of  bodies  under 
compressive  strain  occurs  in  several  different  ways.  If  the 
member  acted  upon  is  not  absolutely  straight  and  of  equal 
resistance  per  square  inch  in  every  part  of  any  given 
section,  it  will  give  way  by  bending  or  crippling,  without 
being  actually  crushed  ;  and  when  it  so  happens  the  con- 
vex side  wiU  be  in  tension  and  the  concave  in  compression, 
the  same  as  in  a  beam  under  transverse  load.  As  it  is 
commercially  impossible  to  secure  homogeneity  or  uni- 
formity of  substance  throughout  the  materials  we  use,  it 
follows  that  failures  under  compression  must,  in  elements 
of  any  length  compared  with  their  breadth  or  thickness, 
occur  in  the  manner  just  described. 

In  dealing  with  this  question  we  are  at  the  outset  met  by 
the  difficulty  that  we  do  not  quite  know  how  the  work  will 
break,  for  it  may  be  by  transverse  bending,  or  it  may  be 
by  a  process  of  crushing  or  splitting,  and  this  will  depend 
not  only  on  the  nature  of  the  material,  but  also  on  the  cir- 
cumstances in  which  it  is  placed.  It  is  very  seldom  that 
an  actual  flattening  out  will  occur  practically. 

In  Fig.  3  the  methods  of  crushing  are  shown  at  A ;  the 
upper  part  has  wedged  asunder  the  lower, 
and  here  there  evidently  are  in  action  both 
shearing  force  along  the  faces  of  division, 
and  tensile  stress  on  the  parts  forced  open. 
In  fracture,  as  shown  at  B,  shearing  stress 
alone  seems  to  come  into  play,  but  the 
angle  wiU  depend  upon  the  qualities  of  the 
^iiaterial  experimented  on.    The  calcula-  Fig.  3 
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tions  used  in  determining  the  proportions  of  columns  and 
elements  subject  to  compressive  stress  are  of  an  empirical 
nature,  being  derived  from  extensive  series  of  experiments. 

It  is  impossible  to  examine  the  internal  action  of  the 
external  forces  without  being  struck  by  the  manner  in 
which  every  kind  of  force  seems  to  incline  towards  conver- 
sion into  tensile  stress  on  the  molecules,  and  it  must  always 
happen  that  rupture  ultimately  occurs  by  these  molecules 
being  pulled  or  driven  beyond  the  limits  of  their  spheres 
of  mutual  attraction,  for  so  long  as  they  remain  within 
those  spheres  they  cannot  be  separated  and  fall  asunder. 
When  bodies  are  distorted,  and  so  kept  for  a  length  of 
lime,  there  is  observed  a  tendency  of  the  molecules  to 
rearrangement  by  equalising  the  internal  strains,  and  the 
less  perfect  the  elasticity  of  the  material  the  more  exten- 
sive will  be  the  adjustment  thus  occurring. 

Passing:  on  beyond  the  limit  of  elasticity  of  a  material, 
we  may  yet  stop  short  of  actual  rupture,  but  the  integrity 
of  the  substance  will  have  been  invaded,  some  permanent 
distortion  will  have  been  caused,  and  consequently  we  may 
assume  that  a  proportionate  amount  of  damage  has  been 
done. 

I  would  here  warn  my  readers  against  the  abuse  of  the 
term  "  permanent  set,"  as  it  is  applied  commonly  to  effects 
which  have  no  more  similarity  to  that  which  it  really  means 
than  has  the  lightest  stress  to  absolute  fracture  of  material. 

Permanent  set,  in  reference  to  structural  details,  means, 
actual  molecular  alteration  in  the  internal  arrangement  of 
the  substances  acted  upon,  and  it  is  incorrect  to  apply  it  to 
any  other  effect.  The  most  common  misapplication  is  as 
applied  to  the  permanent  subsidence  of  works  due  to  the 
joints  falling  into  their  bearings,  and  defects  in  the  mode 
of  erection ;  but  some  folks  have  even  gone  to  the  extreme 
of  applying  the  term  to  the  deflection  due  to  a  permanent 
load,  wliich  really  should  be  called  the  permanent  deflec- 
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tion.  I  have  thought  it  desirable  to  allude  to  this  matter, 
as  nothing  tends  more  to  confusion  than  the  slovenly  mis- 
application of  technical  terms. 

It  is  evident  that  the  limit  of  elasticity  cannot  be  exceeded 
with  impunity,  and  practically  a  sufficiently  wide  margin  of 
strength  must  be  left.  It  seems  only  reasonable  that  the 
working  strength  of  material  should  be  taken  in  some  pro- 
portion to  the  elastic  limit  of  resistance  and  not  to  the 
ultimate  resistance  of  the  material,  but  up  to  the  present 
time  this  latter  ratio  has  been  the  guide  almost  universally. 

In  some  substances,  however,  it  must  be  remarked  the 
range  of  elasticity  is  so  extremely  small  as  not  to  be  ob- 
servable, as  in  some  kinds  of  stone,  brick,  &c.,  and  the 
material  appears  to  give  way  without  previous  alteration 
of  shape,  although  we  know  that  some  such  alteration  must 
take  place  before  the  normal  arrangement  of  the  internal 
forces  can  be  altered. 

As  to  the  factors  of  working  strength  to  be  used  in 
practice,  I  shall  give  those  under  the  special  headings  of 
the  various  descriptions  of  constructive  details  upon  which 
they  bear. 

The  resistances  offered  by  structures  to  disturbing  forces 
may  be  put  in  two  classes : — 1st,  the  resistance  due  to  the 
strength  of  the  material — that  is,  to  the  cohesion  of  its  con- 
stituent molecules ;  this  is  properly  called  the  strength  of 
the  work. 

2nd.  The  resistance  offered  by  the  dead  weight  of 
material,  which  may  operate  in  opposition  to  an  overturn- 
ing effort,  or  to  a  force  tending  to  slide  its  mass  bodily  on 
the  surface  on  which  it  stands,  or  to  both  combined ;  this 
resistance  is  the  "stability"  of  the  work. 

In  the  first  form  the  force  is  directed  to  overcome  gravity 
hy  causing  a  body  to  lift  and  revolve  about  one  of  its 
edges  until  the  centre  of  gravity  falls  without  such  edge, 
when  the  mass  wiU  altogether  upset ;  in  the  second,  the 
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resistance  to  be  overcome  is  that  of  the  friction  of  the  mass 
on  the  surface  upon  which  it  rests. 

I  will  here  point  out  the  nature  of  the  resisting  force  of 
friction  between  surfaces.  The  surfaces  are  taken  to  be 
physically  smooth  and  free  from  viscosity  or  any  special 
property  of  attraction  for,  or  repulsion  of,  each  other. 

On  account  of  the  elasticity  of  matter,  it  follows  that  if  a 
body  rest  upon  another  of  larger  surface  than  its  surface 
of  contact,  it  wiU  to  some  extent  sink  into  it,  compress- 
ing the  parts  immediately  beneath;  hence,  if  the  upper 
body  be  pushed  along,  it  must  as  it  were  be  pushed 
into  a  higher  pa/rt,  which,  in  its  turn,  sinks  under  the 
weight  imposed  upon  it,  so  that  virtuaUy,  in  moving  the 
upper  body,  we  are  constantly  pushing  it  uphill.  As 
time  is  required  for  a  substance  to  be  compressed,  it  is 
evident  that  if  the  upper  body  be  moved  rapidly  upon  the 
lower  it  will  not  at  any  time  sink  as  much  as  if  it  were 
allowed  to  rest  on  one  spot ;  hence  the  friction  at  starting, 
which  is  the  friction  of  rest,  is  greater  than  the  friction  of 
motion ;  and  the  friction  of  slow  motion  will  be  greater 
than  that  of  rapid  motion,  so  far  as  the  surfaces  themselves 
are  concerned. 

The  friction  of  surfaces,  when  the  pressures  upon  them 
are  slight,  compared  to  what  would  be  required  to  injure 
them,  are  taken  as  certain  fractions  of  the  insistent  pres- 
sures, regardless  of  the  areas  in  contact ;  but  it  is  evident 
that  regarding  the  matter  strictly,  there  should  be  some 
variation  with  area  of  surface  exposed  to  a  varying  pres- 
sure: this,  however,  does  not  seem  to  be  of  suflQ.cient 
magnitude  to  demand  practical  consideration. 

Having  determined  the  properties  and  capabilities  of  the 
materials  at  our  disposal,  it  follows  to  consider  the  best 
modes  of  applying  them  for  economic  purposes  :  to  arrive 
at  these,  the  nature  of  the  forces  presenting  themselves  as 
acting  upon  structures  and  machinery  must  be  carefully 
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ascertained,  in  order  that  means  may  be  taken  for  so  con- 
trolling their  directions  and  modifying  their  intensities,  that 
our  materials  may  be  brought  in  the  most  advantageous 
way  to  oppose  them. 

We  have,  then,  this  general  problem  to  be  divided  and 
specially  applied  in  each  of  the  numerous  cases  that  arise 
in  every- day  life.  There  are  two  numerical  values  or  sets  of 
quantities,  which  must  be  made  equal  to  each  other;  they  are 
the  action  and  reaction  of  mechanical  equilibrium,  which 
can  only  be  obtained  by  the  opposing  of  opposite  and  equal 
forces,  or  of  a  number  of  forces  that  may  be  divided  and 
resolved  into  two  opposite  equal  forces.  In  the  question 
before  us,  one  set  of  forces  is  that  due  to  loads,  pressure  of 
wind,  and  other  external  forces  ;  and  the  other  consists  of 
the  resisting  internal  forces  of  the  structure,  or  of  its 
gravitative  elfort,  or  its  resistance  to  sliding,  or  the  sum  of 
any  of  these  separate  modes  of  resistances 
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GENERAL  PROBLEMS —DIRECTION  OF  A  FORCE  — 
MOMENT  OF  FORCE-EQUILIBRIUM  OF  FORCES- 
SUBSTITUTION  OF  FORCES. 

The  direction  of  a  force  is  a  straight  line :  we  cannot  speak 
of  a  force  as  moving  in  a  curve,  and  the  direction  of  a 
force  at  any  moment  is  the  direction  in  which  it  is  then 
acting. 

If  a  force  in  action  does  not  exert  itself  directly  upon 
some  body,  but  acts  about  some  point  as  a  fulcrum,  then 
the  intensity  of  the  force  multiplied  by  the  distance  at 
which  it  acts  from  the  point  about  which  it  acts  is  called 
the  "moment"  of  such  force.  Any  form  of  simple  lever 
exhibits  two  of  these  moments  acting  in  opposition  to  each 
other,  and  by  employing  the  method  of  calculating  by 
moments  all  cases  of  forces  acting  about  a  centre  may  be 
dealt  with.  The  distance  at  which  the  force  acts  from  the 
point  is  the  least  distance  from  that  point  to  the  direction 
of  the  force  under  consideration.  In  Fig.  4,  let  the 
straight  line  a  b  represent  the  direction  of  a  force  P,  and 
let  it  be  acting  about  a  point  at  c.  If  necessary,  produce 
^  Jed  direction  a  I 

*  r  "    to  d,  and  from  c  draw  the 

i  straight  line  c  e  ai  right 

!  angles  io  ah  d:  then  c  e 

will  be  the  distance  at 
^-  which  the  force  P  acts 

about  the  centre  c,  and  the  moment  of  such  force  will 
be  Pxc  (?.    If  P=4  tons  and  <?  e=8  ft.,  the  moment  of 
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force  would  be  called  32  ft.— tons.  We  see  from  this  that 
one  moment  may  in  value  represent  many  different  com- 
binations of  force  and  leverage  or  distance,  and  before 
going  further  it  may  be  best  to  show  the  relations  of  equal 
moments  of  force. 

A  force  at  rest,  or  as  it  is  technically  called  static  force, 
signifies  a  pressure,  and  possesses  only  intensity  or  degree: 
if,  however,  the  force  is  exercised  through  a  space,  it  be- 
comes dynamic;  then  mechanical  work  results.  If  the  equili- 
brium of  any  mechanical  system  is  disturbed,  there  must 
be  some  kind  of  motion  before  it  is  restored,  even  if  this 
movement  be  no  more     ^  ^  ^ 

than  the  molecular     ^  "  '  ! 

yielding  of  the  ma-  i 
terial.    The  circum-  ♦ 
f  erences  of  circles  are  W 
in  direct  ratio  to  their  ^' 
diameters,  therefore  circumferal  boundaries — arcs — of  any 
proportionate  parts  wiU  vary  as  the  diameters.    In  Fig.  5 
let«;  5  be  a  bar  carried  upon  a  centre  c,  on  which  it  is 
capable  of  revolving ;  at  the  end  a  let  a  force  P  act  in  one 
direction,  and  at  the  end  h  a  force  W  in  the  other.  In 
one  revolution  of  the  bar  the  point  a  will  pass  through  a 
distance,  which  is  to  that  passed  through  by  the  point  h  as 
the  length  a  c  is  to  the  length  b  c ;  hence  if  the  work  done 
at  both  points  be  equal,  the  product  of  the  force  P  into  the 
distance  it  acts  through  must  be  equal  to  the  product  of 
;  W  into  its  travel,  and  the  forces  must  be  in  inverse  ratio 
to  the  circles  they  describe,  and  therefore  to  the  radii  a  c, 
he.    li  a  c=2b  c,  then  must  ■W=2  P,  in  order  that  the 
work  done  in  passing  through  a  given  angular  distance 
shall  be  the  same  on  both  sides  of  the  fulcrum  or  centre  c. 

If,  then,  any  moment  be  known,  and  one  of  the  terms  of 
a  moment  equal  to  it  be  given,  then  the  other  term  can  be 
found.  Let  the  above  system  be  in  equilibrium,  a  c=13  ft., 
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h  c=zS  it,  W—7  tons,  required  to  lind  P.  The  moment 
of  W  is  Wx  3  c=7 X  3=21  ft.  tons ;  but  a  c=zl3  ft.,  hence 
P=21  ft.  tons-M3  ft.=l-61  &c.  tons  ;  for  if 

Wxh  c=Px«  P=Wx5  c~-a  c. 
I  will  now  consider  the  action  of  inclined  forces  con- 
jointly at  a  point.  In  Pig.  6  let  the  two  forces  P  F 
converge  upon  a  point  a.  Produce  the  directions  of  these 
forces  indefinitely,  and  mark  off  a  3  to  any  convenient 
scale  to  represent  the  force  F,  and  a  do  represent  P  from 
h  and  c ;  draw  h  d  parallel  io  a  c  and  c  d  parallel  to  a  h,  meet- 
ing at  d ;  join  a  d.  Then  a  d  will  represent  a  force  equal  in 
its  effects  to  the  combined  forces  P,  F.  Por  suppose  the 
forces  to  be  expended  in  imparting  moment,  let  F  impart 

to  a  body  at  a  a  velocity 
that  will  carry  it  to  h  in 
one  second,  then  let  P 
impart  a  velocity  that  will 
carry  it  iod{b  d  is  equal 
to  a  c)  in  one  second,  it 
will  be  at  the  same  point 
as  if  acted  on  by  a  force 
represented  in  amount 
and  direction  by  the  straight  line  a  d,  and  if  the  two  forces  P, 
P'  act  together  instead  of  consecutively,  the  body  will  travel 
along  the  line  a  din.  one  second.  In  working  problems  by 
this,  the  parallelogram  of  forces,  the  forces  are  laid  down 
to  scale  on  the  diagram  ;  as  for  instance  putting  50  tons  to 
an  mch,  the  same  as  in  making  maps  we  may  put  100  ft. 
equal  an  inch.  Some  students  are  a  little  puzzled  at  first 
about  scaling  down  forces  on  diagrams,  but  a  moment's 
consideration  will  show  that  the  matter  is  quite  simple. 
These  two  methods  of  treating  the  relations  of  forces  to 
each  other  may  be  applied  as  a  mutual  test  of  accuracy,  and 
an  example  scaled  out  will  here  prove  their  agreement,  and 
also  serve  to  show  the  method  of  applying  them.    On  com- 
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mencing  to  work  graphically  the  student  should  provide 
himself  with  an  accurately  divided  scale,  and  for  this  pur- 
pose that  known  as  a  diagonal  scale  is  very  convenient,  as 
it  admits  of  the  lengths  being  easily  taken  off  by  the  com- 
passes or  dividers,  without  trying  the  sight  by  the  proximity 
of  the  division  Hues.  In  the  example  Fig.  7,  1  have  taken 
for  my  scale  20  tons  to  one  inch.  P  and  P'  represent  1 2 
and  1 8  tons  respectively ;  marking  these  off  and  scaling  the 
diagonal,  it  is  found  to  measure  29-175  tons,  which  with 
its  direction  should  equipoise  the  forces  P,  P'.  Take  any 
convenient  point  «  as  a  centre  for  the  forces  to  act  about, 
then  the  moment  of  the  force  P"  should  be  equal  to  the 


Fig.  7. 

sum  of  the  moments  of  the  forces  P,  P'  about  a.  The  dis- 
tances at  which  the  forces  act  will  be  found  from  the  per- 
pendicular a  h,  a  c,  a  d,  which  are  found  to  measure  (they 
may  be  taken  on  any  scale,  so  long  as  the  same  scale  ist 
used  for  all  three)  respectively  i=355,  a  c=406,  a  d-=. 
420,  355X  12  +  420  Xl8=4260-f  7560  =  11820,  which  is  the 
sum  of  the  moments  of  the  forces  P,  P'  about  the  point  a. 
29-175x406=11845,  which  is  the  moment  of  P"  about 
the  point  a.  The  slight  discrepancy  is  due  to  errors  of 
measurement,  and  it  will  be  observed  that  even  on  the 
very  small  scale  to  which  this  diagram  is  drawn,  those 
errors  are  practically  nothing,  being  about  ith  of  one  per 
cent.  Of  course  the  larger  the  scale  adopted,  the  greater 
will  be  the  accuracy  of  the  restdts. 
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I  now  come  to  what  may  be  called  tlie  process  of  sub- 
stitution of  forces :  we  have  certain  natural  forces  of  which 
the  directions  are  known,  and  for  these  we  have  to  substi- 
tute equivalent  forces  going  in  some  other  directions,  in 
which  they  may  be  met  by  the  resistances  of  the  materials 
used  in  the  structure  opposed  to  them. 

Setting  aside  for  the  present  lateral  wind  pressures  and 
the  like,  the  natural  forces  arising  to  be  dealt  with  will  pro- 
ceed from  gravitation,  and  hence  will  primarily  be  vertical 
in  direction.  The  fact  of  these  forces  acting  vertically 
ajffords  great  convenience  for  the  description  of  the  direc- 
tions of  parts  of  structures  relatively  to  the  original  forces 
as  by  the  amount  of  elevation  corresponding  to  a  given 
horizontal  extension:  thus  if  two  points  be  horizontally 
3  feet  apart,  but  one  is  2  feet  higher  than  the  other,  the 
inclination  will  be  2  to  3.  These  quantities  being  known, 
the  distance  between  the  points,  and  therefore  the  length  of 
the  element  joining  them,  may  be  calculated  from  the  pro- 
perty of  a  right-angled  triangle,  which  is  that  in  any  right- 
angled  triangle  the  sum  of  the  squares  of  the  sides 
enclosing  the  right  angle  is  equal  to  the  square  of  the  re- 
maining side. 

It  will  readily  be  seen  that  if  a  structure  be  composed  of 
bars  jointed  together  so  as  to  form 
a  rigid  combination,  and  then  force 
be  applied  to  it  tending  to  distort 
it,  such  force  will  be  split  up  into 
others,  which  will  pass  along  and 
be  resisted  by  the  elastic  strength 
of  the  component  bars  of  the  frame. 
If  in  Fig.  8,  a  h,  a  c  represent  two 
bars  attached  at  3  c  to  a  solid  mass, 
and  a  weight  W  is  hung  on  at 
the  joint  a,  the  force  due  to  the 
Fig.  8.  gravitation  of  this  weight  will  be 
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split  up  into  two  others,  one  tending  to  pull  a  h  away 
from  and  the  other  tending  to  thrust  a  c  into  the  sus- 
taining mass.  The  relations  of  the  intensities  of  these 
strains  to  the  weight  W  may  be  determined  by  the  parallelo- 
gram of  forces,  and  so  the  materials  proportioned  to  sus- 
tain them.  If  the  bars  ah,  a  c,  instead  of  being  attached 
to  a  solid  mass  as  shown,  were  connected  to  another  frame- 
work of  bars,  there  would  be  a  further  splitting  up,  or  re- 
solution of  strains  to  be  determined  in  a  similar  manner, 
and  so  we  may  go  on,  commencing  with  the  primary  load, 
and  trace  the  resulting  strains  through  all  the  bars  of  the 
most  complicated  structures  up  to  the  point  where  the 
strains  pass  away  into  the  earth.  By  drawing  the  skeleton 
of  centre  lines  of  a  framed  structure,  the  diagram  of  strains 
will  be  formed,  and  the  relations  of  the  strains  will  be  seen 
to  vary  with  the  relations  of  length  of  the  various  elements ; 
but  to  this  subject  I  shall  return  to  deal  particularly  with 
the  application  of  the  methods  to  practical  cases. 

Having  now  acquired  a  clear  conception  of  the  manner 
in  which  forces  internal  and  external  come  into  action  and 
produce  definite  results,  the  way  is  clear  for  the  application 
of  this  knowledge  to  special  cases,  and  for  the  elaboration 
of  a  series  of  definite  formulae  or  rules  for  the  ordinary 
requirements  of  constructive  art,  and  in  the  first  place  I 
shall  treat  of  structures  which  depend  upon  the  elastic 
strength  of  the  materials  composing  them  for  their  security 
and  permanence. 


CHAPTEE  m. 
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As  the  centres  of  gravity  of  surfaces  and  bodies  will  now 
constantly  be  referred  to,  a  few  words  on  the  subject  now 
may  facilitate  the  subsequent  operations. 

The  centre  of  gravity  of  a  surface  or  sohd  is  that  point 
on  which  it  balances  exactly,  and  is  the  point  about  which 
the  moments  of  weight  of  all  the  molecules  in  one  direc- 
tion wiU  equal  the  moments  of  weight  of  all  the  molecules 
in  the  opposite  direction.  There  can  evidently  be  only  one 
such  point  in  any  body  or  sui-face.  A  surface  may,  how- 
ever, be  balanced  upon  a  knife-edge  in  more  directions 
than  one,  but  aU  the  lines  of  direction  thus  found  wiU 
intersect  each  other  at  the  centre  of  gravity  of  the  surface. 
The  centre  of  gravity  is  the  point  at  which  we  may  con- 
sider the  whole  weight  or  effect  of  the  surface  or  body  as 
concentrated;  and  if  any  figure  is  freely  suspended  from 
a  point,  the  centre  of  gravity  wiU  hang  vertically/  under 


ners,  as  at  a  and  c.   Suspend  the  figure  on  a  pin  stuck  in  a 


Fig.  9. 


e 


such  point.  This  fact  furnishes  a 
simple  method  by  which  the 
centre  of  gravity  of  any  figure, 
however  irregular,  may  be  ascer- 
tained. Let  it  be  required  to 
find  the  centre  of  gravity  of  an 
irregular  figure,  a  be,  Fig.  9.  Cut 
the  figure  out  in  paper  or  Bristol 
board;  pierce  holes  at  two  cor- 
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vertical  board,  and  on  the  same  pin  hang  a  plumb  line  d  e, 
and  when  it  has  become  steady  mark  its  direction  and 
draw  it  on  the  figure,  then  the  centre  of  gravity  must  be 
somewhere  in  the  line  thus  drawn.  Now  suspend  (as  at  2) 
the  figure  by  the  hole  at  c,  again  apply  the  plumb  line  d  e, 
and  where  it  intersects  the  line  already  drawn  will  be  the 
centre  of  gravity  g. 

There  are  many,  most  in  fact,  of  the  forms  with  which 
we  shall  have  to  deal,  of  which  the  centre  of  gravity  may 
readily  be  found  without  having  recourse  to  this  tentative 
method.  Take  a  triangle,  ahc,  Fig.  10,  for  instance ;  this 
triangle  may  be  regarded  as  being 
made  up  of  indefinitely  narrow 
strips  parallel  to  h  c,  then  each 
strip  would  balance  on  its  centre ; 
so  if  the  side  h  c  he  bisected  in  e 
and  a  e  joined,  <j  e  is  a  line  passing 
through  the  centres  of  gravity  of 
all  the  parts,  and  therefore  through 
that  of  the  whole  system.    Simi-  y'i^.  10. 

larly,  by  bisecting  a  h  in  d  and 

joining  c  d,  another  line  is  found  passing  through  the 
centre  of  gravity  of  the  system ;  hence  the  intersection  of 
these  two  Hnes  determines  the  centre  of  gravity  g  of  the 
triangle. 

If  a  surface,  then,  is  of  symmetrical  form  about  a  rec- 
tilinear axis,  its  centre  of  gravity  is  somewhere  in  such 
axis,  and  if  there  be  two  axes  of  symmetry  the  centre  of 
gravity  will  be  at  their  intersection. 

The  centre  of  gravity  of  an  area  such  as  fg  hj  may  be 
determined  by  finding  the  sum  of  the  moments  of  the 
separate  constituent  areas  about  any  convenient  axis,  and 
dividing  it  by  the  sum  of  the  areae,  the  quotient  being  the 
distance  of  the  centre  of  gravity  of  the  system  from  the 
axis  chosen. 
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Let  tlie  dimensions  of  the  figure  be  f  g=l5  inches,  I  m 
=9  inches,  y^=2-5  inches,  the  other  dimensions  being  as 
figured,  and  the  axis  selected  about  which  to  determine 
the  moments  be  the  boundary  fg.  The  centre  of  gravity 
of  each  symmetrical  element  being  its  physical  centre. 

Then  the  moment  of  the  part — 

2  A=areax  distance  from  axis=(15  x2)x  1  =30-00 

lmqp=  „    X         „        „         =  (9  X1)  X  2^=22-50 

noj&=  „   X        „        „  =(2-5x3)x4J=33-75 

86-25 

 86-25  _86-25_   

(15"x2)  +  (9x"i)+(2-5x3)~46^5  l-855inches=distance 
of  centre  of  gravity  of  the  whole  figure  from  the  axis/^. 

This  term,  centre  of  gravity,  of  course  applies  strictly  to 
the  centre  of  action  of  the  force  of  gravitation,  but  custom 
has  caused  it  to  be  used  in  speaking  of  the  centres  of  forces 
other  than  that  of  gravity,  to  which  its  position  applies, 
such  as  the  centre  of  gravity  of  a  resisting  area  of  mate- 
rial ;  thus  we  say  the  centre  of  gravity  of  the  flange  of  a 
girder,  when  that  point  is  referred  to  in  relation  to  the 
tensile  or  compressive  stresses  on  the  area  of  which  it  is 
centre  of  gravity. 

The  weights  or  loads  producing  strain  are  generally  of 
geometrical  form,  having  a  centre  of  figure  which,  if  the 
bodies  be  of  uniform  or  homogeneous  constitution,  is  also 
the  centre  of  gravity ;  and  if  the  load  be  not  of  such  a 
character,  it  must  be,  for  purposes  of  calculation,  divided  up 
into  smaller  parts,  of  which  the  centres  of  gravity  may  be 
observed. 

I  should  advise  the  student  to  take  for  practice  at  hap- 
hazard a  number  of  figures,  and  having  determined  the 
centres  of  gravity  by  calculation,  to  check  them  by  the 
tentative  method,  in  order  to  give  him  facility  in  working 
and  confidence  in  his  results. 
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In  Fig,  11  let  AB  represent  a  piece  of  a  rectangular 
beam  at  rest,  and  let  hh'  be  the  edges  of  two  ima- 
ginary planes  intersecting  it  at  rigbt  angles  to  its  length. 
Now  by  some  external  force  let  it  be  bent  as  shown  at  C  D, 
then  will  the  planes  a  a',  I  i',  which  before  were  parallel, 
become  inclined  to  each  other,  the  ends  a  h  receding  and 
the  opposite  ends  a'  V  approaching  each  other ;  there  will, 
therefore,  be  some  intermediate  position  where  the  dis- 
tance between  the  planes  a  a',  b  V  will  remain  the  same  as 
it  was  prior  to  the  beam  being  bent.  Let  this  position  be 
indicated  by  the  Hne  o',  o, 

o";  it  is  called  the  neutral     ^  -      '  t 

axis  because  it  is  unaffected 
by  the  external  forces  bear- 
ing upon  the  beam,  and 
comprises  an  indefinitely 
thin  layer  of  material  rtm- 
ning  through  the  beam 
longitudinally,  and  at  right 
angles  to  the  plane  in  which 
the  beam  is  curved. 

At  the  point  o,  where  the  neutral  axis  intersects  the 
plane  a  a',  draw  c  c'  parallel  iohh' ;  then  a  c  wiU  represent 
the  elongation  of  the  fibre  a  b,  and  a'  c'  will  similarly  repre- 
sent the  shortening  of  the  fibre  a'  b',  and  from  these  two 
positions  the  elongation  and  shortening  of  the  fibres,  or 
lamina,  diminish  to  the  point  o,  where  neither  shorten- 
ing nor  lengthening  occurs. 

Let  mm  he  sl  lamina  at  any  place  distant  x  from  the 
neutral  axis,  then  its  extension  m  m'  will  be  in  direct  ratio 

to  the  value  of  x.   X  modulus  of  elasticity  will  be  the 

m  m 

strain  per  sectional  square  inch  upon  the  lamina  m  m ;  and 
the  strain  being  known  on  any  given  lamina,  that  on  any 
other  of  which  the  distance  from  the  neutral  axis  is  known 
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can  be  found  by  proportion,  for  if  m  w  be  distant  x,  and 
n  n  distant  x'  from  the  neutral  axis, 

mm  nn 
wbere  E=modulus  of  elasticity. 

ihe  value  of  ^—  is  determined  arbitrarily,  or  rather,  I 
should  say,  its  maximum  value  is  limited  by  the  factor  of 
strain  permitted  to  be  used.  If  we  were  experimenting 
upon  the  actual  breaking  weight  of  the  material,  its  ulti- 
mate strength  would  be  this  limit,  but  in  practice  it  is 
measured  by  the  working  strain. 

The  various  laminae  are  now  resisting  by  their  elastic 
forces  the  distortion  to  which  the  beam  is  subject,  the  ten- 
sion or  thrust  of  each  lamina  acting  about  the  point  o  in 
the  neutral  axis,  as  about  a  fulcrum,  with  a  tendency  to 
restore  the  normal  straight  form  A  B. 

Let  i=breadth  of  the  beam  in  inches,  d=\is  depth  in 
inches,  «=maximum  strain  in  tons  per  sectional  square 
inch,  z=a  divisor  indefinitely  great  in  numerical  value. 

We  cannot  conceive  a  lamina  of  material  that  is  a 
mathematical  plane — has  no  thickness,  in  fact ;  and  if  in  our 
beam  the  lamina  have  any  thickness,  the  one  surface  will 
experience  a  greater  strain  than  the  other ;  the  approxi- 
mate moment  of  resistance  of  any  lamina  will  be  repre- 
sented by  its  breadth  multiplied  by  its  thickness,  taken  as 
an  indefinitely  small  fraction  of  the  depth  of  the  beam,  by 
the  resistance  per  square  inch,  and  by  its  distance  x  from 
the  neutral  axis.    Let  M'=;this  moment,  then 

M'=Jx-XifXa;. 

z 

But  as  we  cannot  assign  a  value  to  2,  we  must  endeavour 
to  find  an  expression  for  the  sum  of  the  moments  of  resist- 
ance of  all  the  separate  laminae. 

As  in  the  triangle,  aoc,  ac  and  the  lines  parallel  to  it 
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represent  the  direct  strains  on  and  elastic  resistances  of  tko 
individual  laminae ;  and  as  the  sum  of  all  these  lines 
makes  up  the  triangular  area  aoc,  that  area  may  be 
regarded  as  representing  the  sum  of  all  these  different 
elastic  resistances,  and  their  moment  will  be  this  sum  mul- 
tiplied by  the  mean  distance — that  is,  the  mean  physical 
distance,  or  distance  of  the  centre  of  these  forces — from  the 
neutral  axis  of  the  beam. 

The  centre  of  the  forces  -will  naturally  be  the  centre  of 
gravity  of  the  triangle,  as  the  area  of  that  figure  repre- 
sents both  the  amount  and  position  of  the  forces.  If  a 
triangle  be  drawn,  and  the  centre  of  gravity  found  by 
bisecting  two  sides  and  proceeding  as  detailed  on  a  previous 
page,  it  will  be  found  that  the  centre  of  gravity  on  a  line 
drawn  from  the  centre  of  its  base  to  its  apex  is  at  one- 
third  of  its  length  from  the  base ;  this,  then,  will  be  two- 
thirds  of  its  length  from  the  neutral  axis,  and  it  is  at  this 
point  that  all  the  forces  on  one  side  of  the  neutral  axis 
may  be  regarded  as  concentrated.  Of  course  there  will  be 
a  similar  concentration  of  forces  at  the  centre  of  gravity  of 
the  triangle  on  the  opposite  side  of  the  neutral  axis,  and 
the  moment  of  the  forces  on  one  side  of  the  neutral  axis 
wiU  in  this  case  be  equal  to  the  moment  of  the  forces  acting 
on  the  other  side  of  the  neutral  axis.  It  is  important  to 
bear  in  mind  the  necessity  of  the  equality  of  forces  on  both 
sides  of  the  neutral  axis  of  the  beam,  for  it  is  by  this 
equality  that  the  position  of  the  neutral  axis  is  deter- 
mined. 

Putting  these  quantities  into  symbolical  form,  we  have, 
calling  M'  the  moment  of  resistance  of  the  section  on  one 
side  of  the  neutral  axis,  and  M  the  total  moment  of  resist- 
ance of  the  section,  and  replacing  ao  in  the  area  of  the 
triangle  by  its  value  s, 


s.  h.cP 
6 
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in  which  ~'=the  area  of  the  triangle  aoc,  and  ^^^= 

the  distance  of  its  centre  of  gravity  from  the  neutral  axis. 

It  will,  perhaps,  render  the  meaning  of  this  expression 
more  distinct  if  I  take  an  example  and  give  numerical 
values  to  the  different  terms. 

Let  the  breadth  of  the  beam  section  be  11  inches,  its 
depth  8  inches,  and  its  resistance  per  sectional  square  iach 
in  both  tension  and  compression  4  tons,  then  its  moment 
of  resistance  when  under  that  strain  will  be — 
j^^._X^^^4x  11X8X8^^3^.^  .^^j^ 
12  12 
So  that,  assuming  the  beam  to  be  without  its  own  weight, 
it  would  at  this  strain  support  at  its  free  end  10  tons,  if  it 
were  fastened  by  one  end  into  a  solid  wall  and  projected 
23-46  inches  from  that  wall,  because  then  the  moment  of 
strain  would  be  23-46 X  10=234-6  inch  tons,  equal  to  the 
above  moment  of  resistance. 

If  the  section  is  symmetrical  the  neutral  axis  is  in  the 
centre  of  gravity,  when  the  elastic  resistance  per  square 
inch  is  the  same  in  tension  as  compression,  otherwise  the 
neutral  axis  will  occupy  some  other  position ;  and  if  the 
section  be  not  symmetrical,  the 
neutral  axis  must  be  found  from 
the  equality  of  moments  of  resist- 
-2  ance. 


j'.^.  If  the  beam  is  symmetrical,  but 

^^^^  not  solid,  being  of  some  section 


 ^>  like  that  shown  in  Fig.  12,  the 

Pig_  12.  moment  of  resistance   will  be 

found  by  first  taking  that  of  the 
whole  area  enclosing  the  section,  and  then  deducting  the 
moments  of  resistance  of  those  parts  that  are  away,  thus: — 
_s'.  h'.  d'^  _s.  h.  d'^—sb'd'^ 
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n  -which  s'  =  the  strain  per  sectional  square  inch  at  the 
J' 

distance  -  from  the  neutral  axis,  which  is  to  s  as  d'  is  to 
2 

If  the  difference  d  d'  is  very  small  compared  to  d,  it  may 
be  near  enough  for  practical  purposes  to  consider  the 
moment  of  resistance  of  one  of  the  parts  shaded  in  the 
figure  as  equal  to  its  direct  resistance  multiplied  by  the 
f  distance  of  its  centre  of  gravity  from  the  neutral  axis,  and 
if  the  centre  vertical  member  is  of  small  proportionate  area, 
it  is  neglected  in  determining  the  resisting  moment  of  the 
section. 

I  wiU  take  a  fair  practical  sec- 
tion of  such  a  beam,  to  see  how 
near  the  truth  the  a]3proxima- 
tion  will  be.  The  external  por- 
tions are  15  inches  wide  by  1 
inch  thick,  the  angle  pieces 
being  3  inches  along  the  back 
of  each  limb  by  ^  inch  wide,  and 
the  vertical  element  \  inch  wide. 

This  latter  by  the  first  method  is  neglected  in  the  calcu- 
lation. Determining  the  centre  of  gravity  of  the  section  as 
before,  we  have,  taking  the  upper  boundary  as  the  axis  of 
moments — 

15  XlX  7-500 
6  xiXli  =  3-750 
2|-XlX2|-  =  5-875 


17-125  =  moment  of  area  20'5. 


17-125 


=  0-835  inches, 


20-5 

.vhich,  deducted  from  20  inches,  half  the  depth,  leaves 
19-165  inches  for  the  distance  of  the  centre  of  gravity  of 
the  area  a  h  from  the  neutral  axis.    This  area  is  called  the 
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area  of  the  flange,  the  top  and  bottom  elements  of  the 
beam  or  girder  being  known  as  the  flanges. 

Taking  the  working  strain  at  4  tons  per  square  inch, 
the  sum  of  the  moments  of  resistance  of  both,  the  flanges 
will  be — 

2x  19-165 X  4x20-5— 3143-06  inch  tons. 
This  has  to  be  compared  with  the  moment  of  resistance 
found  by  exact  calculation  from  the  formula— 

_s  h  d'—s  b'  d'-'—s"  b"  b'"  d'"' 

6 

The  values  of  the  second,  third,  and  fourth  strains  must 
first  be  found ;  they  wiU  vary  with  the  values  of  dr— 

d'    ,t       dl'   ,„  d" 

d  d  d 

Eeplacing  the  s,  s",  &c.,  by  their  values,  we  have 

0    \d     d  d  d  I 

whence — 

^=6^  •  (l5x(40)'-8-75  X  (38)»-5x (37)2-1  X (32)') 

=  3213-95  inch  tons  — being  somewhat  in  excess  of  the 
approximate  figures. 

It  should  be  noticed  that  if  the  working  strain  is  taken 
at  the  centre  of  gravity  of  the  flange,  that  of  the  fibres 
beyond  that  point  is  somewhat  higher;  not  that  this  usuallv 
is  of  any  practical  importance,  but  still  no  matter  should 
be  overlooked  in  dealing  with  questions  of  principle. 

If  in  the  two  flanges  we  are  using  different  materials,  so 
that  there  is  not  the  same  strain  per  sectional  square  inch 
on  both,  then  this  discrepancy  must  be  made  up  by  varying 
the  areas  of  the  flanges  in  order  that  the  total  ,i*sistanco 
shall  be  the  same. 

If,  hQwever,  homogeneous  material  is  used  throughout 
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the  girder,  and  the  flanges  are  not  of  equal  area,  they  will 
adjust  the  internal  strains  so  as  to  produce  equal  moments 
of  strain  about  the  neutral  axis,  which  will  be  at  some 
intermediate  point  depending  on  the  ratios  of  the  areae. 
For  example,  let  a  girder  have  one  flange  3  inches  by 
2  inches,  and  the  other  12  inches  by  inches,  and  let  us 
assume  the  elastic  resistances  to  tension  and  compression 
equal  per  sectional  square  inch  ;  that  is,  that  the  modulus 
of  elasticity  is  constant  for  both  extension  and  shortening. 
The  depth  of  the  girder  shall  be  taken  as  20  inches,  and 
the  web  omitted  in  the  calculation.  Let  the  distance  from 
the  centre  of  gravity  of  the  top,  which  is  the  smaller  flange, 
be  X  from  the  neutral  axis,  and  that  of  the  bottom  or 
larger  flange  y. 

If  s  =  strain  per  sectional  square  inch  on  the  top  flange, 
that  on  the  bottom  flange  will  be  equal  to  s  multiplied  by 
the  area  of  the  top  and  divided  by  that  of  the  bottom  flange. 

The  neutral  axis  is  seen  to  be  the  fulcrum  about  which 
the  moment  of  strain  in  one  direction  and  the  two  moments 
of  resistance  in  the  other  act, 
and  it  must  so  adjust  itself  as 
to  suit  the  equilibrium  of  the 
three  forces.  This  may  be 
illustrated  by  considering  the 
forces  to  act  on  the  angles  of  a 
frame,  as  shown  in  Fig.  14. 
ale  represents  the  frame,  h  e 
being  in  the  position  of  a  sec- 
tion of  the  beam,  having  the  neutral  axis  lying  somewhere 
between  I  and  e,  and  it  must  occupy  such  a  position  that 
under  the  three  forces  given  the  frame  shall  be  at  rest. 

We  know  the  mm  of  the  moments  of  resistance,  because 
that  must  be  equal  to  the  moment  of  strain,  and  the 
moment  of  strain  is  given,  being  W  miiltiplied  by  the 
distance  of  its  direction  from  the  verticalline  h  e,  and  as  its 

o2 
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direction  is  vertical,  the  position  of  the  neutral  axis  higher 
or  lower  on  i  e  will  not  alter  the  moment  of  force.  When 
the  force  W  begins  to  act,  it  pulls  the  point  b  and  thrusts 
e,  the  amount  of  relative  travel  of  these  points  depending 
upon  the  resistances  offered  by  them ;  but  when  equihbrium 
is  established,  the  gross  stress  T  must  equal  the  gross 
stress  C ;  for  if  we  regard  the  moment  of  W  acting  about 
C  as  a  fulcrum  to  produce  direct  strain  at  T,  or  about  T  to 
produce  direct  strain  at  C,  the  result  is  the  same  as  regards 
magnitude  of  the  resulting  direct  strain,  for  in  both  cases 
the  moment  of  strain  is  divided  by  b  e,  the  depth  of  the 
girder. 

In  the  case  taken  the  arese  are  as  3  to  1;  hence  the  strains 
per  sectional  square  inch  will  be  in  this  ratio,  and  this  will 
also  be  the  ratio  of  the  distances  of  the  centres  of  gravity 
of  the  two  flanges  from  the  neutral  axis ;  hence  x=15  inches 
and  y=5  inches,  and  this  places  the  neutral  axis  in  the 
centre  of  gravity  of  the  entire  section. 

We  can  always  then  readily  find  the  position  of  the 
neutral  axis  by  determining  the  centre  of  gravity  of  any 
section  with  which  it  is  necessary  to  deal. 

The  moments  of  resistance  for  the  above  section  will  be 
for  the  top  and  bottom  flanges  respectively,  a  Sx2xsxx 

and  12xr5x  g  Xy,  and  the  total  moment  of  resistance  is 
4 

=:6x4x  15  +  18X3X5=360+120=480  inch  tons. 

If  this  be  accurate,  it  should  be  equal  to  the  moment  of 
resistance  of  the  top  flange  about  e,  or  of  the  bottom  flange 
about  h  ;  the  former  is  found  to  be  6x4x20  =  480  inch 
4 

tons ;  the  latter  18  x  g  X  20=480  inch  tons. 

I  will  now  collect  together  the  three  formulse  for  deter- 
mining the  moments  of  resistance  as  ascertained  above. 
For  a  form  of  section  symmetrical  in  respect  to  the 


CANTILEVERS. 


29 


neutral  axis,  such  as  that  shown  in  Fig.  13,  the  general 
expression  assumes  the  form — 


M 


 I 


^  f 

r 

11^ 

M=- 


— 3«  h"^^ 


where  there  are  n  spaces  to  de- 
duct from  the  total  moment  of 
iresistance  of  the  circumscribing 
section. 

In  an  unsymmetrical  section, 
like  that  of  Fig.  15,  o  o,  the 
neutral  axis,  is  at  the  centre  of 
gravity,  and  h  is  the  greatest 

distance  of  any  fibre  from  it;  B  

bhen—  Fig.  15. 

3 

If  we  are  taking  the  flanges  only  of  the  girder,  d  being 
oaeasured  between  the  centres  of  gravity  of  those  flanges, 
md  A = area  in  square  inches  of  smaller  flange, 
M=s  .  A  .  d  . 
Having  investigated 
the  nature  and  action  of 
the  internal  resistances  of 
the  material,  that  of  the 
external  forces  next  pre- 
sents itself,  and  this  I 
shaU  treat  in  detail  for 
the  various  forms  in  which 
it  occurs,  premising  that 
in  this   chapter  beams 
either   of   solid  section 
throughout,  or  at  least 

having  a  continuous  web,  Fig.  16. 

will  alone  be  dealt  with. 

In  Fig.  16,  A  B  represents  a  beam  or  cantilever,  one 
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end  of  which  is  fixed  into  a  wall,  the  other  end  supporting 
weight,  W.  I  is  the  length  of  the  heam,  measured  from 
the  wall  to  the  point  of  attachment  of  the  weight  W.  The 
moment  of  strain  about  any  point  will  evidently  be  equal 
to  the  weight  multiplied  by  its  horizontal  distance  from 
that  point ;  so  if  the  point  be  distant  x  ft.,  the  weight  being 
in  tons,  the  moment  is — 

M=W«  foot  tons ;  if  x=l,  M=W^  foot  tons, 
which  is  the  maximum  strain  that  can  come  upon  the  beam, 
as  I  is  the  greatest  value  to  which  x  can  attain.  At  A,  the 
point  at  which  W  is  attached,  the  moment  of  strain  is  nil , 
but  there  it  commences,  and  gradually  increases  to  the 
point  of  support.  As  the  strain  thus  varies,  so  the  section 
of  the  beam  may  be  varied  to  meet  it.  Equating  this 
moment  of  strain  with  the  moment  of  resistance  of  the 
flanged  girder — 

M=Wa;=«  .  K  .  d  A=^^-^> 

s  .  a 

whence  the  other  quantities  being  given,  the  necessary  sec- 
tional area  of  flanges  is  found.  The  beam  may  be  adapted 
to  the  varying  strain  by  varying  either  its  area  or  its  depth  ; 
but  this  question  will  be  dealt  with  subsequently,  after  the 
theory  of  the  external  forces  has  been  fully  discussed. 

Throughout  the  ensuing  cases  the  moments  of  strain  will 
be  equated  with  the  moment  of  resistance  of  the  flanged 
girder,  that  being  the  description  almost  invariably  used 
for  beams  of  any  magnitude. 

At  C  D,  Fig.  16,  is  shown  a  similar  beam  fixed  at  one 
end,  and  carrying  a  load  uniformly  distributed  along  its 
length  (such  a  load  might  be  its  own  weight,  or  a  wall, 
&c.).  Let  the  load  be  w  per  foot  of  length.  The  moment 
of  strain  is  required  at  any  point  distant  x  from  the  free 
end,  C,  of  the  girder. 

The  load  affecting  this  point  will  evidently  be  that  part 
of  the  whole  load  which  is  between  the  given  point  and 
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the  eiid  of  the  beam;  this  length  being  x  ft.,  the  load  upon 
it  \s,wy.x,  and  this  load  being  symmetrical  in  form,  may 
be  regarded  as  concentrated  at  the  centre  of  its  length, 

which  is  its  centre  of  gravity,  and  is  horizontally  distant  | 
from  the  given  point  at  which  the  moment  of  strain  is 
sought.  There  is  then  a  load  equal  io  w  ,x  acting  at  a 
distance  ~  ;  hence  the  moment  of  strain  is — 

M=^.:rxJ-.^/,ifa;=U^=^-^, 
2      2  2 

and — 

M=^-r^-=«.A.e?.-.  A- 

2  2  .  s  .  <^ 

The  action  of  the  load  in  producing  strain  upon  the 
flange  may  be  pictured  to  the  imagination  by  supposing 
0  w  w  to  be  a  bent  lever  acting  about  the  fulcrum  m,  having 
at  one  end,  o,  the  pull  of  the  load,  and  at  the  other  the  elastic 
resistance  of  the  material  of  the  flange.  In  the  first  case 
the  horizontal  arm  of  the  lever  is  x,  and  the  vertical  d  ; 

and  in  the  second,  the  horizontal  arm  is     and  the  vertical 

2 

arm  d. 

As  the  strain  increases  as  a?,  and  I  is  the  greatest  value 
of  X,  the  maximum  moment  is  when  x—l. 

The  rate  of  increase  of  strain  differs  in  the  two  eases, 
being  in  the  first  as  x,  and  in  the  second  as  xK 

If  the  two  loads  occur  at  once,  the  resulting  moments  of 
.strain  must  be  added  together  to  get  the  total  moment : 
tlien — 

and  as  a  general  rule,  where  a  number  of  different  loads 
come  upon  the  same  elements,  their  effects  may  be  calcu- 
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lated  separately  for  any  given  point,  and  th.e  moments  thus 
iound  added  together  far  a  resultant  total. 

In  Fig.  17  are  shown  some  beams  variously  loaded,  each 

beam  being  freely 
supported  —  that  is, 
the  ends  are  not  fixed 
down  to  the  beds — 
at  each  end.  In  the 
case  of  A  B  the  load 
W  is  at  the  centre 
of  the  span  I.  Now 
the  load  on  a  beam  is 
carried  by  the  sup- 
ports, and  from  the 
elastic  nature  of  ma- 
terials, it  imperative- 
ly follows  that  these 
points  of  support  must  be  compressed  by  the  superincumbent 
load,  such  compression  continuing  until  the  elastic  resist- 
ance or  reaction  is  equal  to  the  load  pressing  downwards ; 
and  as  the  load  does  press  vertically  downwards,  so  the  re- 
action of  the  supports  must  press  vertically  upwards  against 
the  ends  of  the  girder. 

Where  the  load  is  in  the  centre  of  the  span,  it  is  evident 
that  it  will  be  carried  only  half  on  each  support ;  hence  the 

W 

downward  pressure  on  one  support  is      and  as  the  reaction 

must  be  the  same,  the  upward  pressure  of  the  support  is 
W 
2  ■ 

The  moment  of  strain,  then,  at  any  point  distant  x  from 
the  nearest  support,  is  this  reaction  multiplied  by  the 
distance  at  which  it  acts,  that  is,  by  x,  giving — 
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But  if  tlie  calculations  be  continued,  with  x  carried  on 
beyond  the  load,  so  that  it  is  not  measured  from  the 
nearest  support,  then  there  will  be  two  moments  to  deter- 
mine, for  beside  the  upward  force  of  the  reaction  at  the 
support,  there  is  the  downward  force  of  the  weight  W  to 
consider.  Let  the  point  m  be  in  such  a  position,  and  distant 
X  ft.  from  the  support  A.  The  distance  of  m  from  B  will 
be  l  —  x,  and  the  distance  of  m  from  W  will  be  half  the 

length  less  this  distance,  or  ^—i^—xjz=.—^-\-x,  or  «— ^' 

which  is  the  distance  at  which  the  weight  W  acts  about 
the  point  m. 

Calling  the  forces  acting  downwards  plus  or  positive 
forces,  and  those  acting  upwards  minus  or  negative,  the 
expression  for  the  moment  about  m  becomes — 

but  the  difference  between  x  and  I  is  the  distance  from  m 
to  B,  the  nearest  support ;  hence  this  formula  corroborates 
the  former,  for  measuring  from  B,  we  replace  the  x  —  /  by 
—  05,  and  obtain — 

2  ' 

the  minus  sign  coming  in  as  the  upward  forces  are  called 
negative ;  but  of  course  this  does  not  affect  the  numerical 
value  involved. 

By  adopting  some  such  system  as  this  and  adhering  to 
it,  the  nature  of  the  strains  on  the  flanges  will  be  indicated 
by  the  sign  in  front  of  the  formula ;  thus  in  this  notation  a 
minus  sign  indicates  that  the  bottom  flange  is  in  tension 
and  the  top  in  compression,  the  beam  being  so  bent  down- 
wards that  the  under  side  is  convex,  and  the  upper  concave. 
This  notation  will  bo  retained  throughout  the  work. 
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C  D  shows  anotlier  mode  of  loading,  there  being  a  con- 
centrated weight  at  some  point  not  at  the  centre  of  the 
span.  The  first  step  is  to  determine  the  reaction  on  the 
support  from  which  x  is  to  be  measured.  Let  C  be  the 
support  chosen,  and  the  weight  W  be  distant  y  ft.  In 
order  that  equilibrium  may  be  maintained,  the  moment  of 
the  weight  W  about  the  point  D  must  be  equal  to  the 
moment  of  the  reaction  on  C  about  the  same  point,  the 
former  being  plus  and  the  latter  minus  in  sign ;  the 
distance  at  which  W  acts  about  D  is  I  —  y,  and  the 
distance  at  which  E,  the  reaction,  acts  about  D  is  / ;  hence 
the  moments  are  respectively — 

-Ex /and  W^Z-y^    or-E;  =  W^;-y^    -R  = 
W(/-y). 

and  the  moment  of  this  reaction  about  any  point  distant  x 
{x  being  less  than  y)  from  C  =  —  Ea;  =  —  M  =  Q~y\^^ 

I  s  .  a  .  I 

By  taking  a  case  where  a?  is  greater  than  y,  the  formula 
will  be  proved  as  was  the  last,  but  the  process  being  pre- 
cisely analogous,  I  shall  not  here  occupy  space  with  it. 

At  E  F  another  special  kind  of  loading  is  shown,  and 
one  which  is  of  importance,  as  it  occurs  very  commonly  in 
practice.  Here  there  are  two  equal  weights  symmetrically 
disposed  in  respect  to  the  centre  of  the  girder.  This  being 
the  case,  the  loads  on,  and  the  upward  reactions  of  the 
two  supports  will  be  equal,  each  being  equal  to  one  of  the 
loads,  W.  Let  the  distances  of  the  loads  from  the  ends  of 
the  girder  be  y  in  each  case  ;  then,  if  x  =  the  distance 
fi'om  the  nearest  support  to  a  given  point  between  that 
support  and  the  weight  nearest  it,  the  moment  of  strain 
will  be 
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M  =  —  W  .  a;=5  .  A  .       A  =  —  ^^-^^  ; 

8  .  a 

and  this  moment  -will  go  on  increasing  as  x  increases,  until 
x=y,  and  if  it  be  taken  at  a  higher  value  still,  then  there 
■will  be  two  moments  to  deal  with. 
Let  a;' =y+ a,  then 

because  a  is  the  distance  at  which  the  weight  W  acts 
downwards  about  the  given  point,  but 
W«-Wa;'=:Wa-W  (y+a)=W  .  {a-y—a)-—^y. 
Hence  the  moment  of  strain  cannot  exceed  W  y,  and  will 
remain  at  that  value  for  all  the  length  of  girder  between 
the  two  weights  W. 

The  reason  is  found  by  inspection  to  be  that  whatever 
quantity  above  y  is  added  to  the  distance  at  which  the 
reaction  acts  about  the  given  point,  such  addition  will  be 
the  distance  at  which  the  weight  itself  acts  in  the  opposite 
direction  about  the  same  point.  Here  then  is  a  case  where 
the  strain  on  the  girder  is  not  affected  ly  the  value  of  the  span 
of  the  girder— which,  will  be  found  unique. 

In  the  fourth  case,  G-  H  shows  a  girder  having  a  number 
of  concentrated  weights  upon  it,  scattered  irregularly 
along  its  length,  and  being  of  various  values.  Let  the 
weights  be  represented  by  W,  W",  &e.,  W  placed  at 
distances  y',  y",  &c.,  to  y"  along  the  girder.  First  the  total 
reaction  on  one  support  must  be  determined,  and  then  any 
given  point  being  known,  the  weights  between  such  point 
and  the  support  chosen  will  have  plus  moments,  the  re- 
action of  the  support  of  course  giving  a  minus  moment. 

The  moment  of  the  reaction  of  the  support  must  equal 
the  sum  of  the  moments  of  all  the  weights  about  the  other 
support,  of  course  with  the  difference  of  signs,  thus — 
~nl=W'{l-y')+^Y"{l-y")^  ....  +W(/"-/) 
W(l-y)+Wil-y")-\-     .  .  ..  +W'X^-y'') 
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and  the  moment  of  strain  at  a  point  distant       from  the 
chosen  support  will  be 
M=W\f-i/')+W"(f-f)+  ....  +W"-'(y"-/-0 

The  intermediate  moments  may  be  found  from  this  expres- 
sion by  replacing  3/"  by  x,  where  x  exceeds  y"-',  but  does  not 
exceed  y*. 

As  the  Ws  and  the  y's  do  not  follow  any  law  in  their 
changes,  this  formula  must  be  worked  out  in  detail  from 
the  quantities  occurring  in  each  particular  case. 

The  maximum  strain  has  not  yet  been  determined  for 
the  case  of  A  B,  where  the  load  is  central ;  hence  it  will 
be  necessary  to  return  to  it.  It  is  observed  from  the 
formula  M=— that  up  to  the  centre  of  the  span  the 
load  increases  as  a;;  it  remains  to  be  seen  what  will  occur 
when  X  —  more  than  i ,  and  when  two  moments  must  be 
dealt  with. 

Let  tc'='--\-a,  then  a  will  be  the  distance  at  which  "W 

M 

acts  downwards  about  the  given  point,  and  the  resultant 
moment  of  strain  will  be 

M=W.«-^^=W.-Y(|  +  .)=W(.-P_) 

whence  it  is  evident  that  the  arithmetical  value  decreases 

as  a  increases,  or,  as  soon  as  the  value  x  —  ^  is  passed,  the 

moment  of  strain  diminishes ;  hence  the  maximum  strain 

is  when  x—^-,  and 
2 

M=-^f =~F_u.  A.  d. .-.  A=:- 

2  A  A.H.d. 
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[t  will  be  observed  that  in  tlie  expression  -  — -,  a  can 

4  2 

lever  exceed  |,  and  consequently  the  highest  value  of  a 
jives 

I  a_l  I  _ 

4    2~4  4"""' 
The  strain  is  —o  at  the  support  B. 

The  second  case,  0  D,  now  requires  examining  as  to  the 
point  of  maximum  strain.  It  is  evident  that  the  moment 
of  strain  continues  to  increase  as  x  increases  up  to  the 
ralue       Now  let  x'—y-^a,  then  the  moment  of  strain 

M=W  a-^^^-y^^=  W  a-'^l-y\y+a)=Wa 

_yf{l-y)y_W{l-y)a 
I  I  ' 

From  this  we  may  observe  what  will  be  the  effect  of 
acreasing  the  value  a.  In  the  first  term,  W  a,  the  term 
acreases  as  a  increases,  and  in  like  manner  the  third  term 

acreases  as  a  increases,  but  is  less  than  unity,  there- 
are  '^i^—V)^  ^^^^^  always  be  less  than  W  a.    The  ratios 

f  the  two  quantities  being  constant,  the  absolute  differ- 
nee  between  them  will  increase,  so  that  after  passing  the 
oaded  point  the  minus  strain  will  continually  diminish 
owards  the  support  D  ;  this  diminution  will  continue  until 
)  is  reached,  when  a-=-l—y,  replacing  a  by  this  value. 

I  I 

lere  being  no  strain  over  the  points  of  support. 
From  this  it  is  evident  that  when  a  beam  is  loaded  with 
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one  concentrated  weight,  the  maximum  strain  will  be  at  a 
point  directly  under  that  weight. 

Let  AB,  Fig.  18,  represent  a  girder  supported  freely  at 
A  and  B,  and  loaded  with  a  weight  of  ic  tons  per  lineal 


'mmmmM 

B 
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— > 

Fig.  18. 

foot,  uniformly  spread  over  its  length.  The  strain  is 
required  at  a  point  distant  x  from  the  support  A.  There 
is  the  portion  of  the  load  between  the  given  point  and  A 
acting  downwards,  or  positively,  and  the  reaction  of  the 
support  A  acting  upwards,  or  negatively.  As  the  load  is 
uniformly  distributed  along  the  length  of  the  girder,  it 
will  be  equally  carried  by  the  two  points  of  support.  The 
reaction  of  either  support  will  therefore  be 
^  w.l 

and  this  reaction  will  act  at  a  distance  x  about  the  given 
point.  The  downward  force  will  be  the  portion  of  the 
load  on  the  length  x  of  the  girder,  or  lo  x,  and  this  beinj 
considered  as  concentrated  at  its  centre  of  gravity,  will  ad 

at  a  distance  -  about  the  given  point.  Taking,  then,  the 
difference  of  the  moments,  the  resultant  is 

X     10  L,        tvx"'     10  I  x 


-s.  A.  d 


•.  A=- 


iO 


2.  s.  d 


{x^-lx), 


considering  the  variable  part  of  the  expression  x-—U 
will  lead  to  the  determination  of  the  point  of  maximiin 
strain. 
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When  x-o  the  strain  =o  at  A,  and  when  x=l  the 
equation  becomes  P—P=zo  and  the  strain  =o  at  B ;  hence 
there  is  an  intermediate  point,  at  which  the  strain  is  a 
maximum. 

The  loading  being  uniform  (and  symmetrical),  the  in- 
3rease  of  the  strain  will  be  in  the  same  ratio  from  the  end 
B  as  from  the  end  A,  and  the  maximum  strain  must  occur, 
therefore,  at  a  point  equidistant  from  both  supports,  which 

is  at  the  centre,  when  x=l  and 
2 

2        2        8  ~8     ^'    ■  ~~8.V^' 

rhe  total  load  is  ^=w  I,  so  that  M:=  — —  as  against  — 

8 

N I 

when  the  weight  was  all  at  the  centre,  whence  it 
tppears  that  the  maximum  moment  of  strain  due  to  a 


niformly  distributed  load  is  one-half  of  that  due  to  the 
ame  load  concentrated  at  the  centre  of  the  span. 
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AB,  Fig.  19,  represents  a  girder  carrying  a  load  dis- 
tributed in  the  form  of  a  triangle  :  this  case  is  a  very 
important  one,  as  in  practice  it  constantly  occurs  when  the 
girders  of  a  bridge  do  not  lie  square  to  the  abutments,  as 
shown  in  the  plan  ah,  c  d.  The  road  under  the  bridge 
runs  obliquely  to  that  over  it.  The  bridge  is  carried  by 
cross  girders,  e,  resting  on  the  main  girders  ah,  cd,  and  it 
may  be  observed  that  the  main  girder  carries  a  triangular 
loaded  area,  which  is  shaded  in  the  figure. 

The  load  per  lineal  foot  will  not  be  the  same  throughout 
the  length  of  the  girder,  but  will  vary  with  x,  and  in  direct 
ratio  to  it. 

Let  w)'=the  load  on  the  first  lineal  foot,  then  at  the  dis- 
tance X  the  load  per  lineal  foot  will  hew'x;  hence  the  load 
on  a  part  of  the  girder  extending  from  the  support  A  to 
the  distance  x  wiH  be  w  x\  and  this  load  being  triangular 

2  x 

in  disposition,  wOl  have  its  centre  of  gravity  -g-  from  A,  so 

that  the  distance  at  which  it  acts  about  a  given  point  at  x 

from  the  support  A  is  |,  thixs  making  the  positive  moment 

,  ^  X 
of  strain  w  x-y.-^- 

The  total  load  on  the  ^rder  is  w'  P,  for  as  the  load  up  to 
any  point  distant  x  from  A  =w'  x",  the  total  load  is  found 
by  making         then  it  is  w'  x'^w  P  ;  and  as  the  centre  of 

gravity  of  this  load  is  |  from  the  support  B,  the  moment 

of  the  total  load  about  B  is  w'  The  moment  of  the 

reaction  of  A  about  B  is  —  E  X  ^ ;  hence  the  reaction 
is — 

au(l  its  moment  aboTit  the  giveu  point  is  tliis  quantity 
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multiplied  by  x ;  the  resultant  mgiUjgnt  of  strain  on  the 
beam  is — 

AT  _     ^2  V  ^    T?  ^     '^'^^    ^'  ^        f  ■>.    n   \  A  7 

M-  —  WX  X K.  ;r=-—  — =     (a^_?2ar)  =  g.  A. 

In  this  case  the  arese  for  different  values  of  x  must  be 
calculated  out  for  the  whole  length  of  the  girder,  which 
will  not  be  symmetrical  in  the  distribution  of  strains  from 
each  point  of  support.  In  the  girders  symmetrically 
strained  it  is  sufla.cient  to  calculate  the  strains  for  one  half, 
as  the  two  halves  have  similar  strains  upon  them.  It  wiU 
be  interesting  to  ascertain  the  point  of  maximum  strain. 

The  strain  continues  to  increase  up  to  the  point  of  maxi- 
mum strain,  and  then  to  decrease  according  to  the  formula 
w' 

—  [a^—p  x) ;  that  is,  in  the  same  ratio  as  ai^—P  x.    Now,  as 

there  is  a  point  at  which  the  strain  ceases  to  increase  and 
commences  diminishing,  it  may  be  imagined  to  remain 
stationary  for  indefinitely  slight  variation  of  x  at  that 
point. 

Let  x'=.  distance  from  A  corresponding  to  point  of  maxi- 
mum strain ;  let  a  be  an  indefinitely  smaU  increase  added  to 
X ;  now,  if  the  strain  remains  the  same,  the  numerical  value 
of  the  increase  of  the  first  term  must  equal  that  of  the 
second  P  x,  in  order  that  their  difference  may  not  be 
altered.  As  x  becomes  x'-\-a,  the  first  term  wiU  be  {x'-\-af 
=  x^-\-  3x'^  a  -f  3x'  +  a^;  but  as  a  is  taken  very  small, 
Sx'  a-  will  be  very  insignificant  compared  with  3x'^  a,  and 
less  stiU;  hence  these  last  terms  may  be  neglected, 
leaving  3x'^  a  as  the  amount  to  be  added  to  the  first  term 
in  —  P  X.  The  second  term  then  becomes  —  I-  (x'  +  a) 
=  —{Px'  +  Pa);  here  the  addition  is  P  a,  and  this  must  be 
equal  to  the  addition  3x'^  a  if  the  strain  is  unaltered, 
thus — 
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3^'=  a  =  I'  a  .-.  Sx-  z=  P,      —~,  X—    ^.  =  0  o77  I, 

3  \/  3 

and  the  maximum  strain  is — 

M  =  I'      -Px)  =  |"'^(0-5v7  =  0-1283  w'  P 

s.  d 

It  is  unnecessary  to  consider  the  cases  of  partial  loads,  as 
in  practice  the  total  loads  are  required,  for  the  structure 
must  be  proportioned  to  sustain  the  maximum  strain,  and 
this  covers  all  beneath  it. 

These  beams  have  all  been  treated  as  freely  supported 
at  the  ends,  in  which  circumstance  the  intensities  of  the 
strains  are  quite  independent  of  the  material  or  form  of 
the  girder,  but  if  the-  ends  be  not  free  a  striking  difference 
is  observed. 

Let  the  values  of  M  be  calculated  for  a  series  of  values 
of  X,  and  laid  do^vn  as  shown  in  Fig.  20.    A  B  is  a  line 


!«-  OC  » 

M 

 — —■ 

TV 


Fig.  20. 

representing  the  length  of  the  beam,  and  on  this  line  the 
various  values  of  x  are  marked  off  from  A,  and  the  values 
of  M,  corresponding  to  those  values  of  x,  are  at  each  point 
marked  otf  at  right  angles  to  A  B,  giving  points  of  which 
one  is  indicated  at  7i;  by  joining  these  points  a  curve  is 
formed,  which  is  caUed  the  curve  of  strain,  and  the  lines 
showing  the  values  of  M  are  called  ordinates  to  that 
curve. 

A  geometrical  investigation  would  show  that  for  a 
uniformly  distributed  load  the  curve  of  strain  is  a  parabola ; 
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for  a  concentrated  load  the  lines  of  strain  bound  a  triangle, 
and  so  forth,  the  lines  varying  according  to  the  description 
of  load. 

If  the  whole  area  of  the  curve  be  taken  and  divided  by  its 
length,  it  is  evident  the  average  or  mean  moment  of  strain 
will  be  the  result. 

As  the  area  of  a  parabola  is  its  base  midtiplied  by  two- 
thirds  of  its  height,  the  mean  strain  on  the  uniformly 
loaded  girder  will  be  two-thirds  of  the  maximum  strain. 
The  use  of  these  ciu'ves  when  plotted  wiU  presently  become 
evident.    In  Fig.  21  let  A  B  represent  a  beam  securely 


F 

Kg.  21. 


fixed  at  both  ends,  so  that  the  section  at  A  is  retained  in  a 
vertical  plane,  and  the  same  at  B.  If,  now,  the  beam  be 
deflected,  it  wiU  take  a  form  A  <?  c  B,  there  being  two 
changes  in  the  direction  of  curvature,  for  while  the  centre 
part  is  concave  on  the  upper  surface  the  end  parts  will  be 
concave  on  the  under  surface,  so  that  at  the  points  of  con- 
trary flexure  the  nature  of  the  strains  on  the  flanges  will 
change. 

Let  D  E  represent  the  line  of  a  beam  free  at  the  ends, 
and  D  F  E  the  curve  of  strain  upon  it.    If,  now,  the  curve 
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is  considered  as  applied  to  a  beam  with,  fixed  ends,  it  is 
evident  something  must  be  deducted  from  the  ordinates  for 
the  reversed  strains  commencing  at  the  points  of  contra- 
flexure.  Let  D  G-  and  E  H  represent  the  amount  of  the 
moments  of  strain  at  D  and  E,  join  G-H,  then  the  strains 
on  the  central  part  will  be  the  ordinates  to  the  curve  cF  c 
measured  downwards  from  the  line  G-  H,  and  the  strains  on 
the  ends  will  be  the  ordinates  measured  upwards  from  G  c 
and  H  c  to  the  curves  D  c  and  E  c.  The  whole  system  will 
in  effect  consist  of  a  central  beam  supported  freely  at  its 
ends  e  c,  and  two  cantilevers  or  brackets,  Gc,  Kc,  sustain- 
ing it  and  the  load  upon  themselves,  if  any.  The  question 
here  to  be  determined  is  the  position  of  the  points  c  c. 

Assuming  the  beam  to  be  of  uniform  section,  and  tho 
tensile  and  compressive  strains  to  divide  themselves  equally 
on  the  flanges — that  is  to  say,  that  the  totals  shall  be  equal 
— then  the  area  c  will  be  equal  to  the  sum  of  the  areae 
D  G  E  H  c.  The  area  of  a  parabola  is  its  base  multi- 
plied by  two-thirds  of  its  height ;  hence,  taking  D  E  as 
uniformly  loaded,  we  can  find  the  required  positions 
for  c  c. 

By  the  formulae  preceding  for  maximum  moments  of 
strain,  it  is  shown  that  the  centre  or  maximum  ordinate  of 

DEE  is        call  iv=  1, then  this  becomes  ^• 

Let  z  =  Gc  =  cH  .a  =  area  cFe;  b  and  h  =  axese  D  Gc 
and  E  H  <! ;  then  as  these  arose  represent  the  sums  of  the 
strains  on  each  part — 

a=h-\-h. 

The  greatest  ordinate  of  the  curve  c  E  c  is  ^  -  ^ —  , 

8 

where  {I  —  2z)  =  cc  is  the  effective  span  of  the  central 
beam.    The  area  a  =  ^ — ^ — ^  X     x  {l~2z);  (I  —  2z) 

O  O 

being  tbe  base  of  the  parabola  c'F  c.   The  sum  of  the  arete 
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h  will  be  D  GHEless  Dc(;E,  and  DccE  will  be  the 
area  D  F  E  less  the  area      c;  therefore 


b-\.bz=Ix 


V8  8^1 


P  1 

-  +  -(^ 
12  12^ 


2sn 

p_(^-2.)^ 
'  VS  8  / 


where  I  =  side  G-  H  of  rectangle  D  Gr  H  E ; 
difference  between  maximum  ordinates  to  D E E  and  c'F c, 
which  equals  the  height  D  G  of  the  rectangle,      =  j-  ^ 


11 


g-  =  area  DEE,  and  the  last  term  equals  the  area  c F ( 


but  a=z  2h, 


12 


4Pz 


'\  _  ^  ,  {1  —  2  zy 

)      12  12  ' 


12' 


whence    —  lz=  

6 

In  this  expression  z- 1  z  is  termed  an  imperfect  square, 
and  in  order  to  solve  the  equation 

it  must  be  completed,  and  what-      ^  k  h 

ever  is  necessary  to  complete  it  must 
also  be  added  to  the  other  side  of 
the  equation,  that  the  two  sides 
may  remain  of  equal  value.  We 
must  see  what  is  required  to  com- 
plete the  square.  Let  a  h  c  d, 
Fig.  22,  be  a  square,  sujpposed  to 
represent  the  square  we  seek.  Let 
a  h  =.  a  c  —  z.  Let  the  square  root 
of  ah  c  d  be  z  —  y;  if  this  be  now  squared  it  becomes 
2^  —  22  y  -f  and  in  the  figure  these  arose  are  thus 
shown :  '€-  —  ahcd,y'  —h  eh  f,  [%  —  yy  —  g  c  i  e;  g  c  i  e  — 


e 

Fig.  22. 
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or  z — - 
2 


abed —  cifffb  —  eidf,  or  instead  of  the  last  term—  (A  i  dh- 
h  e fh),  g  ci e  =  ah  c  d  —  2  a gfb-{-hefl.    In  our  equation- 
l  X  corresponds  to  2  z  y ,  and  2  y  corresponds  to  I ;  hence  y-  is 
the  part  to  be  added  to  complete  the  square,  but  1y—l, 

y=L ;  hence  ^ I must  be  added  to  each  side  of  the  equa- 
tion, and  we  get — 

,  ,  p  p  p,  r^vvpz^  /T  ^  „ 
— ^^+4=4-rr2  \/""'"^4==V  r2'  "-^ 

has  been  seen  to  be  the  root  of  the  square  we  have  com- 
pleted; hence  2—^=  +  We  put  plus  or  minus  as 

either  sign  multiplied  by  its  like  gives  a  positive  quan- 
tity, and  therefore  the  root  of     may  be  either  +  «  or  —  a. 

z=--f  — i—  =0-79/,  or  0-2 U  (nearly).    These  two  lengths 

will  therefore  give  the  position  of  the  points  of  contra- 
flexure,  and  the  strain  at  the  centre  of  the  span  will  be 
^__M>  (^— 2z)'_ _wP 
~  8  24* 

The  strains  over  the  points  A  and  B  are  each 
z'j^w  {l-2z) ^ ^_wP_ 
2  2  12 

Suppose  a  case  occurs  in  which  the  beam  is  ^xed  at  one 
end  only,  being  freely  supported  at  the  other,  then  there  will 
be  one  point  of  contrary  flexure,  and  it  will  be  the  same  as 
if  we  take  the  part  Q  cc  of  the  beam  G  H.  What  then  will 
be  the  relation  of  Gr  c  to  the  span  G  c  c  ?    G  o  e  =  I  —  z 

0-2113  J  =  0-7887    and  ^1^11^  =  o-26.     Or  in  this 
0-7887^ 

case  z  =  0-26  /,  where  I  is  the  length  of  the  beam  fixed  sl\ 
one  end  and  freely  supported  at  the  other. 

Lot  us  look  at  the  first  case  from  another  point  of  vie^ 
to  render  the  result  susceptible  to  proof.  Suppose  thq 
beam  first  to  be  freely  supported  at  A  and  B.    Then  the 
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top  flange  will  be  shortened  and  the  bottom  one  lengthened 
when  the  load  is  upon  it,  and  will  appear  as  shown  in  the 
sketch.    To  bring  the  ends  back  to  a  vertical  plane,  the 


Fig.  23. 


top  flange  must  be  as  much  extended  as  it  has  been 
shortened,  and  the  bottom  flange  similarly  compressed;  but 
the  strain  to  do  this  must  evidently  be  equal  to  that  causing 
the  existing  compression  and  extension,  which  is  two-thirds 
of  the  maximum  strain  ;  hence  the  moment  to  be  applied 
over  each  support  (they  will  act  in  opposite  directions  as 
action  and  reaction)  will  be — 

2  'IV  /-  iv  P 

3  ~8  ~l2' 

Applying  this  to  the  general  formula  for  strain  at  any 
point  on  a  uniformly  loaded  girder,  this  new  moment  being 

positive, 

12     '~2  ~2r 

which  at  the  points  of  contra-flexure  will  be— 

■»«-  _  ,wx^  _wlx     wx^     wlx  _  w? 

U'^   2       ~r''-'2r~~2  12"' 

whence  x'^  —  I  x  z=.        being  the  same  equation  as  resulted 

from  the  former  entirely  diflPerent  mode  of  reasoning. 

It  is  observable  that  accuracy  here  depends  upon 
whether  the  material  is  homogeneous  throughout,  for  if  its 
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modulus  of  elasticity  be  not  constant  these  results  will  not 
be  strictly  attained. 

So  much  for  the  uniform  section,  but  the  commoner  case 
is  where  the  section  of  the  girder  is  not  uniform  through- 
out, but  on  the  contrary  is  varied  in  proportion  to  the 
strain,  so  that  the  strain  per  sectional  square  inch  is  con- 
stant throughout  the  length  of  the  beam. 

When  the  strain  per  sectional  square  inch  is  the  same 
throughout,  the  beam  will  deflect  in  circular  arcs  of  the 
same  radius,  and  the  points  of  contra-flexure  will  therefore 
occupy  positions  different  from  those  assigned  to  them  in 
the  last  case. 

In  Fig.  24,  let  ab  c  dhe  the  line  of  beam  under  uniform 


strain.  The  radii  e  a,l  g,c  f  being  all  equal,  it  follows 
that  the  arc  ah  ■=  arc  hi  —  arc  ^■  c  =  arc  c  d,  g  h  being 
drawn  vertical  and  parallel  to  ae  and  df.  Here,  then,  the 
distance  from  one  end  of  the  beam  to  the  nearest  point  oi 

contra-flexure  will  be  ~. 

4 

In  this  case  the  same  test  cannot  be  applied  as  in  th( 
last ;  for  the  area  varying  to  suit  the  strain,  we  cannot  re 
gard  the  beam  in  the  first  instance  as  merely  supported 
and  then  brought  into  the  position  of  the  fixed  beam,  a 


e 


Fig.  24. 
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the  theoretical  section  being  nil  at  h  and  c,  the  beam  would 
not  stand  under  the  first  conditions. 

As  the  effective  span  of  the  central  part  is  half  the  total 

span,  or  ^,  the  strain  at  the  centre  wiU  be 


8     V2/       32  32. 


and  that  at  the  point  of  fixture — 

■Kir         V.  ^  V.  ^  I      V.  ^     ^     ^wP        .    ,     .  ?>.tol 
M  =  M'X-X-+w  y.-Y.~—~-=s.K.d.-.K  =  ^ — - 
4     8  4     4       32  ol.s.d.. 

The  duty  of  the  -web  or  central  part  of  flanged  girders 
will  now  require  examination,  for  it  does  not  act  merely 
as  so  much  of  the  beam  under  longitudinal  strain  only, 
neither  can  it  be  considered  as  bearing  shearing  stress 
alone,  but  there  is  a  vertical  crushing,  or  rather  crippling, 
strain  brought  upon  it  by  the  tendency  of  the  flanges  to 
approach  each  other  when  the  beam  is  deflected. 

Before  the  intensity  of  the  strain  thus  called  into  action 
can  be  determined,  a  formula  must  be  found  for  reducing 
a  tangential  force  to  its  radial  component. 

In  Fig.  25,  let  A  represent  a  ring  one  foot  deep,  its 
diameter  being  equal  to  D.  Assume 
this  ring  to  be  subject  to  internal 
pressure  (as  from  steam,  for  in- 
stance), acting  equally  in  all  direc- 
tions, and  therefore  pressing  radi- 
ally upon  the  interior  of  the  ring. 
Considering  the  tendency  to  break 
the  ring  at  the  points  h  e,  we  find 
the  forces  acting  will  be  those  con- 
tained on  the  plane  h  c,  which.  Fig.  25. 
acting  from  opposite  sides  of  such 

imaginary  plane  against  each  other,  tend  to  force  asunder 
the  hemi-rings  h  d  c,  h  e  c:  h  c  ■=.  the  diameter ;  hence, 
if  P  =  the  pressure  per  square  foot,  the  stress  on  the 
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two  parts  h  and  c  is  P  x  D,  and  the  proportion  borne 
by  one  section  i  or  c  of  the  ring  is  P  x  ^,  or  the 

force  per  square  foot  multiplied  by  the  radius  in  feet  of 
the  ring. 

From  this  it  is  evident  that  the  tangential  strain  is  equal 
to  the  radial  strain  multiplied  by  the  radius,  and  this  will 
apply  to  any  part  of  the  ring,  for  the  points  of  strain  might 
be  taken  at  any  other  points  than  h  and  c,  and  moreover 
the  strain  on  one  part  of  the  ring  would  not  be  affected 
were  the  rest  cut  away,  provided  the  extremities  of  the 
part  left  are  properly  secured ;  hence  the  general  formula 
— if  on  a  curved  element  the  force  acts  radially  to  such 
curve,  the  strain  along  the  element  will  be  the  force  per 
lineal  foot  multiplied  by  the  radius  in  feet  of  the  element 
at  the  place  where  such  force  is  acting. 

The  web  of  the  girder,  acting  to  maintain  the  normal 
distance  between  the  top  and  bottom  flanges,  will  be  sub- 
ject to  a  radial  pressure  corresponding  to  the  stress  on 
and  curvature  of  those  flanges. 

The  total  strain  is  the 
same  for  either  flange, 
as  has  been  shown  pre- 
viously (page  28),  and 
this  strain,  divided  by 
the  radius  of  curvature 
of  the  deflected  beam, 
will  give  the  force  upon 
the    web    tending  to 
cripple  it  vertically.  In 
order  to  determine  the 
relation  of  this  force  to 
the  longitudinal  stress  on  the  flanges,  the  radius  of  the 
deflected  beam  must  be  ascertained. 
Assuming  the  beam  to  be  so  proportioned  that  its  flanges 
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are  equally  strained  throughout,  let  (in  Fig.  26)l  =  aic  = 
length  of  girder,  d  =  bf=  depth  of  girder,  E  =ea  = 
radius  of  curvature,  D  =  central  deflection  =  d  h,  L  = 
difference  in  length  of  flanges  after  deflection  =  sum  of 
the  extension  of  the  bottom  flange  and  the  compression  of 
the  top  flange. 

The  deflection  of  a  girder  being  so  small  in  comparison 
with  the  radius  of  curvature,  we  may  assume  de  =  ae  — 
E,  and  aoz=ialc  =  l.  Then  (Euclid,  prop.  35,  Bk.  III.) 
because,  if  any  two  right  lines  contained  in  a  circle  intersect 
one  another,  the  rectangles  formed  by  the  segments  of  such 
right  Knes  are  equal,  and  the  diameter  2  E  is  intersected 

TO 

at  d  by  the  chord  a  c,  therefore  2'R     J)  ■=.  a  d  x  d  c  =~. 

4 

Because ad  =  do  =  i-and (jV=:~,  whence D=       —  = 
2       V2/       4'  2  E  X  4 

Then  by  similar  triangles  E :    : :  Z :  L,  which  we  also 

know  to  be  true  because  the  circumferences  of  circles  are 
in  direct  ratio  to  their  radii,  whence  E  +    :  fffh  ::^:ahc, 
but    hf=  ah  c  -\-  Ij,  and  U      d  :  a  b  c  +  L  :  :B.  :  a  b  c 
whence,  as  a  ^  <;  =    we  find  in  either  case  E  L  =        E  = 

'L\  But  D  =  Jl  ...  E  =  i- ,  E  =  I-  =11 D  =  ^1 
L  8E  8D'       8D     L  8<? 

which  is  the  formula  for  the  central  deflection.   If  E  = 

the  modulus  of  elasticity  of  the  material,  and  S  and  F  = 

respectively  the  strains  on  the  top  and  bottom  flanges,  per 

sectional  square  inch,  and  s  =  mean  of  the  two  strains, 

jj_<^_    d.  I  _(?E 

~  L~/  ><TS"~  2  « ' 

E 

and  also  generally 

-p  d.E 
^=S  +  F- 

If  E  be  taken  in  feet,  and  also  the  other  dimensions,  and 
D  2 
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E,  S,  and  F  in  tons,  and  C  be  called  the  crippling  force  on 
the  web  per  foot  of  length,  P  the  total  strain  on  one  flange, 
P_-R  vP  .  n-P-    P    _PX(S  +  F)_P.. 

S  +  F 

For  example,  take  a  girder  100  feet  span,  8  feet  deep, 
having  flanges  equally  strained,  there  being  4  tons  per 
sectional  square  inch  upon  each  flange,  and  let  the  load  on 
the  girder  be  2  tons  per  lineal  foot,  then 

P=.f:4  =  i4m'=  312-5  tons;  0  = 

8.d        8x8  E 

If  the  material  be  wrought  iron,  and  the  modulus  of  .elasti- 
city taken  at  6,400  tons — 

C  =  =  0-0244  tons  per  lineal  foot. 

8x6400  ^ 

This  shows  a  result  so  smaU  that  in  the  generality  of  cases 
it  will  be  more  than  amply  covered  by  the  margin  necessary 
for  the  purposes  of  manufacture.  The  load  carried  by  the 
girder  must  entirely  or  in  part  pass  through  the  web  on  its 
way  to  the  flanges.  If  the  load  be  carried  on  the  bottom 
flange,  tensile  strains  will  in  the  first  place  prevail  in  the 
web,  and  vice  versa.  But  the  vertical  strains  arising  thus 
(.^an  never  exceed  the  girder  load.  In  the  above  case  the 
load  being  2  tons,  only  half  a  square  inch  per  foot  is  called 
for  to  sustaia  it. 

The  shearing  strain  at  any  point  on  a  cantilever  is  evi- 
dently the  weight  between  that  point  and  the  end  of  the 
beam,  or  wxos.  In  beams  supported  at  both  ends,  the 
shearing  strain  at  any  point  will  be,  for  a  concentrated 
load,  equal  to  the  reaction  of  the  nearest  support;  for  a 
load  uniformly  distributed  over  the  whole  length,  equal  to 
the  load  per  foot  multiplied  by  the  distance  from  the  centre 
of  the  span,  or  if  y  =  that  distance,  wx^,  so  that  the 
maximum  shearing  strain  will  be  at  the  support  where  y  is 
greatest.    In  the  above  case  the  maximum  shearing  strain 
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wiU  be  «J  X  y  =  =  ^-^^.^  =  100  tons,  requiring  25 
square  incbes  to  carry  it. 

It  will  be  found  that  in  practice  the  webs  are  invariably 
made  much  thicker  than  is  indicated  by  theory,  but  in  all 
parts  of  built  structures,  such  as  wrought-iron  girders,  it 
must  be  remembered  that  it  is  at  the  weakest  parts,  the 
joints,  that  the  areae  have  to  be  fitted  to  the  strains. 

In  connection  with  the  subject  of  the  deflection  of  girders, 
it  is  noticeable  that  the  practical  deflection  is  less  than  might 
be  expected  from  the  modulus  of  elasticity  as  determined 
froni  experiments  on  tensile  resistance.  The  modulus  of 
elasticity  for  wrought  iron  is  given  as  24, 900, 000  lbs.  From 
some  very  carefully  conducted  experiments  made  at  King's 
College,  London,  it  was  found  that  the  modulus  as  deter- 
mined from  the  deflection  of  wrought-iron  bars  averaged 
27,,')00,000— a  considerable  increase.  It  has  also  been 
known  ever  since  particular  attention  has  been  paid  to 
iron  as  a  material  for  construction,  that  the  resistance  of 
solid  cast-iron  beams  shows  an  immensely  greater  amount  of 
tensile  strength  under  transverse  than  under  direct  strain. 
^  Twenty-five  years  since,  this  matter  was  carefully  inves- 
tigated by  Mr.  W.  H.  Barlow,  and  then  was  set  at  rest 
the  question  of  the  actual  position  of  the  neutral  axis, 
which  was  found  to  be  at  the  centre  of  gravity  of  the 
section,  and  by  subsequent  experiments  the  same  was 
found  to  hold  good  for  wrought-iron  beams.  In  the  former 
investigation  very  wide  differences  were  found  to  occur, 
the  excess  of  tensile  resistance  in  the  beam  experiments 
being  more  than  the  tensile  strength  of  the  metal  under 
longitudinal  strain,  the  results  as  determined  from  Mr. 
Hodgkinson's  experiments  on  cast-iron  beams  being  as 
follows,  where  T  is  the  direct  tensile  resistance,  and  D  the 
extra  tensile  resistance  shown  under  transverse  strain  in 
lbs. :— 
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T.  18537,  18323,  18312,  18085,  19501,  17734,  20242. 

D.  23171,  22904,  22890,  20606,  24626,  22167,  25302. 

The  ratios  of  D  to  T  were  found  to  average  as  1  to  -78, 
and  those  of  Mr.  Barlow  as  1  to  -81.  That  a  similar  thing 
occurs  in  the  case  of  wrought  iron  was  also  observed,  but 
that  material  is  difficult  to  measure  the  compressive  resist- 
ance of,  because  it  does  not  crush  like  cast  iron,  but  bends 
and  becomes  distorted  before  its  ultimate  strength  is 
arrived  at ;  but  it  is  observed  that,  although  there  is  a 
great  difference  between  the  ultimate  tensile  and  compres- 
sive resistances  of  wrought  iron,  yet  the  force  necessary  to 
overcome  the  elastic  resistance  does  not  so  vary. 

Mr.  Barlow  referred  this  accession  of  strength  to  the 
molecular  disturbances  occasioned  by  the  flexure  of  the 
beam,  and  termed  the  increment  of  strength  the  resistance 
of  flexure. 

The  difference  of  action  of  the  force  is  this :  in  direct 
longitudinal  strain  the  layers  of  molecules  during  exten- 
sion move  together ;  one  is  not  more  extended  than  the 
next,  but  when  a  beam  is  bent,  the  outer  layers  are 
lengthened  and  shortened  more  than  the  inner,  and  there- 
fore one  layer  moves  upon  another,  and  so  gives  rise  to 
the  resistance  of  flexure. 

Applying  our  formula  for  transverse  resistance  to  a  can- 
tilever 1  inch  square  and  1  inch  long,  we  have,  if  we  take 
the  resistance  from  the  experiments  of  direct  strain,  break- 

,                  18000x1  XP  o^^^iT^ 
mg  weight  at  end  =  — g  g  =  3,000  lbs., 

but  find  that  7,000  to  8,000  lbs.  practically  represents  the 
ultimate  strength  of  the  cantilever. 

The  average  of  a  number  of  experiments  on  cast-iron 
bars  1  inch  square,  supported  with  a  bearing  of  36  inches, 
gave  as  the  mean  breaking  weight  at  the  centre  844  lbs. 
Wl_8ld''  .         3        _  3X844X36 
4         6     "        2.  i.  rf^  2xlXP 
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=  45,476  lbs.  as  tlie  longitudinal  resistance  tensile  and  to 
flexure :  the  latter  may  be  regarded  as  tbe  elastic  resist- 
ance to  shearing  stress. 

The  last  figures  give,  for  the  resistance  of  a  sectional 
square  inch  of  the  material  to  transverse  breaking,  7,596 
inch  lbs. 

The  resistance  of  cast  iron  to  shearing  force  has  been 
found  to  be  double  that  of  its  tensile  resistance,  and  it 
would  appear  that  the  elastic  resistance  of  flexure  agrees 
with  this,  for  the  total  movement  in  the  bent  beam  of  one 
layer  upon  another  will  average  one-half  of  the  total 
extension,  and  the  resistance  to  flexure  is  shown  to  be 
roughly  equal  to  the  tensile  resistance  proper,  which 
would  correspond  to  a  shearing  resistance  double  that  to 
tension. 

With  wrought  iron,  on  the  other  hand,  the  shearing 
resistance  is  somewhat  less  than  the  tensile  strength. 

In  flanged  girders,  where  the  flanges  are  thin  compared 
with  the  depth,  this  resistance  to  flexure  will  diminish  as 
the  extension  and  compression  of  the  fibres  become  sen- 
sibly vmifoim. 


CHAPTEE  IV. 


FEAMED  STRUCTUEES. 

I  AM  now  passing  on  to  consider  a  class  of  structrires 
■wherein  the  strains  act  longitudinally  upon  the  different 
component  parts,  the  whole  work  consisting  of  bars  framed 
together  in  such  manner  that  they  form,  as  it  were, 
channels  for  the  sti'ains  to  pass  along. 

In  calculating  the  strains  recourse  will  he  had  to  the 
principle  of  the  parallelogram  of  forces  already  explained 
in  Chapter  II. 

There  are  two  characteristic  dispositions  of  bars  shown 
in  Fig.  27,  by  the  use  or  combination  of  which  all  braced 
tf orks  are  built  up.  In  the  first,  two  bars,  A  B  and  A  0, 
joined  at  A  and  resting  on  abutments  at  B  and  C,  support 
between  them  a  load,  W.  Each  bar  carries  part  of  the 
load  as  such  on  to  its  abutment,  the  proportion  carried  in 
each  direction  depending  upon  the  position  of  W  in  regard 
to  B  and  C.  If  B  be  a  horizontal  line  between  the 
abutments,  extending  from  centre  to  centre  of  the  feet  of 
the  bars  B  and  C,  and  this  be  intersected  at  e  by  the  vertical 
line  joining  A  and  the  load  W,  then  the  part  of  the  load 

on  B  wiU  be  Wx  ^ and  that  on  C  will  be  Wx— t 
B  ^d 

H,  I,  J  represents  another  arrangement  in  which  the 

whole  load  is  carried  on  the  abutment  H  by  the  bar  I H ; 

I J  being  horizontal,  and  therefore  carrying  no  load,  its  duty 
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is  to  keep  the  end  I  of  the  bar  IH  from  falling  to- 
wards J. 

Eetuming  to  the  first  arrangement,  on  A  e  mark  off  the 
distance  A  o  (to  any  convenient  scale)  to  equal  the  weight 
W ;  complete  the  parallelogram  Ap  o  q,  making  o  p  parallel 
to  A  B  and  o  q  parallel  to  A  C.    Then  the  thrusts  on  A  B 
and  A  C  will  he  represented  hj  Aq  and  A p  respectively, 
'  and  will  pass  away  into 
the  abutments  in  the  direc- 
tions /  and    ;  the  vertical 
component  on  each  abut- 
ment being  the  part  of  the 
load  already  assigned  to  it. 
,  From  q  and  p  draw  hori- 
zontal lines  meeting  A  e  in 
the  points  r  and  t,  then 
Ar  and  Aq  will  be  the 
vertical  forces  correspond- 
ing to  the  strains  upon  the 
bars  A  B  and  AC,  for  if  B/ 
be  made  equal  to  A  q,  and 
this  oblique  thrust  on  the 
abutment  resolved  into  its 
vertical    and  horizontal 
components,  by  completing 
the  parallelogram  B  ufv, 
^lf  or  Bv  will  be  the  ver- 
tical component,  and  be- 
cause Ar  and  Bv  are  both  vertical  they  are  therefore 
parallel,  and  meeting  the  straight  Hne  A/  at  the  points 
:A  and  B,  make  the  angle  r  AB   equal  to  the  angle 
[v  Bf.    Again,  qr  is  drawn  horizontal,  and  also  fv;  hence 
they  are  parallel,  and  meeting  the  line  A/  at  q  and  /, 
; make  the  angle  rqA  equal  to  the  angle  vfB,  and  the  re- 
imaining  angles  fvB,  qrA  are  equal ;  hence  the  triangles 

D  8 


Fig.  27. 
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are  similar,  but  tlie  side  B  /  has  been  made  equal  to  the 
side  Aq  ;  therefore  the  triangles  Aqr,  B/v  are  equal,  and 
their  sides  A  B  v  are  equal — that  is,  A  r  is  equal  to  the 
vertical  load  carried  on  the  abutment  B.  And  in  like 
manner  it  can  be  shown  that  A  ^  is  equal  to  the  vertical 
load  on  the  abutment  C. 

But,  again,  by  similar  triangles.  Ay  is  to  A r  in  the 
same  ratio  as  A B  is  to  A e,  because  Arq,  AeB  are  both 
right  angles,  and  the  angles  Aqr,  ABe  are  equal ;  hence 
the  strain  on  A  B  is  to  the  weight  it  carries  as  the  length 
A  B  is  to  the  height  A  e. 

Now  the  length  A  B  is  the  length  of  the  bar  carrying  a 

certain  proportion  of  load  J,  and  A  e  is  the  differ- 

ence in  level  between  the  top  and  bottom  of  the  bar,  or,  in , 
other  words,  A  e  is  the  vertical  height  of  the  bar ;  hence  | 
we  have  a  simple  rule  for  the  strain  on  an  inclined  bar ; 
when  the  vertical  load  carried  by  it  is  known,  i.e.  the  strain  j 
on  the  bar  is  equal  to  its  vertical  load  multiplied  by  the  - 
length  of  the  bar  and  divided  by  its  vertical  height.  Ail 
these  dimensions  must  be  measured  on  lines  running  along : 
the  centres  of  the  elemental  bars,  as  shown  dotted  in  the  I 
figure. 

In  the  present  case,  for  example,  let  the  load  be  6  tons, 
the  length  of  AB  7  feet,  its  vertical  height  5-75  feet,  the 
distance  B  d  6-3  feet,  and  the  distance  e  d  2-5  feet,  then  the 

part  of  the  load  on  A  B  will  be  W  X       =  5  x  = 

1-984  tons,  and  the  strain  upon  the  bar  AB  will  be  1-984 
7 

X  ——  =  2-415  tons. 
5-75 

The  same  rule  can,  of  course,  be  shown  to  apply  to  A  0 
or  to  any  other  inclined  bar,  the  vertical  load  lipon  which 
is  known,  or  can  be  ascertained. 

All  that  remains  is  to  determine  the  nature  of  the  strain 
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on  the  bar,  and  tliis  is  done  by  inspection.  It  is  evident 
in  this  instance  that  it  is  in  compression,  running  as  it 
does  from  the  top  to  the  bottom  of  the  bar ;  and  thus  the 
strain  is  determined  as  to  its  nature :  if  the  load  comes  upon 
the  highest  part,  and  the  bar  is  supported  at  its  lowest  end, 
the  strain  is  compressive  ;  but  if  the  load  is  attached  to  the 
lower  end  of  the  bar,  which  is  supported  by  its  upper  end, 
the  strain  is  then  tensile. 

Next,  we  will  examine  the  strains  upon  the  second  ar- 
rangement shown,  where  the  whole  load  is  carried  by  the 
barAB. 

The  strain  on  I  H  is  determined  in  the  same  way  as  that 

H I 

on  A  B,  and  is  equal  to  W  X  -y-t*  I  ^  being  a  vertical  line 

X  A/ 

drawn  from  the  top  of  the  bar  I H,  and  meeting  the  hori- 
zontal line  drawn  from  the  bottom  in  k.  Let  I  h  represent 
the  weight  "W  (to  scale),  and  complete  the  parallelogram 
I H  A  z,  then  I  z  will  be  the  horizontal  strain  upon  the  bar 
I  J".  But  because  H  A,  I  z  are  opposite  sides  of  a  parallelo- 
gram, they  are  equal,  and  the  horizontal  strain  on  IJ  is 
equal  to  H  k.  We  have  then  the  strain  on  the  horizontal  bar 
in  ratio  to  the  load,  the  same  as  the  ratio  of  H  ^  to  I  ^,  but 
I A  is  the  vertical  height  of  the  bar  braced  or  sustained  by 
I  J,  and  H  k  is  its  horizontal  projection  from  its  foot ;  hence, 
if  a  bar  carrying  a  load  be  retained  in  position  by  a  hori- 
zontal member,  the  strain  on  that  horizontal  member  will 
be  equal  to  the  load  multiplied  by  the  horizontal  pro- 
jection, and  divided  by  the  vertical  height  of  the  inclined 
bar. 

In  the  present  case  let  the  load  be  8  tons,  H  i  4  feet, 

4 

and  1^6  feet,  then  the  horizontal  strain  will  be  8  X  e  — 

D 

5 "33  tons.  Here  we  see  the  strain  on  I H  is  compressive, 
as  is  also  that  on  I  J,  which  is  pushed  against  the  wall  at 
%,  but  if  the  inclined  bar  were  in  the  position  shown  by 
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the  dotted  line  IH',  the  horizontal  member  would  be 
in  tension;  hence,  in  such  an  arrangement,  if  the  in- 
clined bar  is  in  compression,  and  makes  an  obtuse  angle 
with  the  horizontal  bar,  that  also  is  compressed;  but 
if  the  angle  between  the  members  be  acute,  the  hori- 
sontal  bar  is  in  tension;  and,  on  the  other  hand,  if  the 
inclined  bar  is  in  tension,  and  makes  an  obtuse  angle 
with  the  horizontal  bar,  the  latter  is  in  tension,  and  vice 
versa. 

A  cantilever  made  of  framed  bars  is  shown  at  Tig.  28, 
of  which  the  lines  ah,hh  are  assumed  to  be  horizontal  and 


lengths  are  to  be  measured  from  centre  to  centre  of 
the  joints,  and  along  the  centre  lines  of  the  elements 
of  the  structure.  Let  a  load  W  be  carried  at  the  end 
of  the  cantilever,  then  this  load  wiU  evidentl7  be  the 
load  for  each  of  the  inclined  bars,  for  it  will  have  to 
pass  through  all  of  them,  entering  some  at  the  top  and 
some  at  the  bottom,  and  so  bringing  compression  on 
ah,  eg,  ef,  and  tension  on  Ic,  g  e,  and  fh]  and  if  L  be 
the  length  of  an  inclined  bar,  the  strain  on  every 

inclined  bar  will  be  =  W  X  t    The  horizontal  projection 

d 

of  the  bar  a  h  wiU  be  equal  to  half  of  a  c,  the  distance 
between  two  joints  of  the  inclined  with  thf*  horizoital  bars. 


Fig.  28. 


at  a  distance  apart 
shown  by  d.  In 
this  arrangement  d 
will  represent  the 
vertical  height  of 
any  of  the  bars, 
and  as  the  bars  aU 
make  equal  angles 
with  the  horizon, 
they  will  be  of 
one  length.  The 


FRAMED  CANTILEVERS. 


61 


so  the  strain  on  ac  will  be  W  X      ;  and  this  strain  will 

2  a 

run  througli  af:  to  k. 

The  strain  coming  down  a  J  is  at  5  again  resolved  upon 
h  c  and  h  g ;  the  strain  on  5  <?  is  the  same  as  that  upon  ah. 
Produce  c  S  to  w  and  ah  to  n,  making  h  m=h  n  —  strain 
on  ah  ov  h  c;  complete  the  parallelogram  h  mno,  then  J  o  or 
m  n  will  equal  the  strain  put  upon  i  y  by  that  coming 
down  a  h. 

Because  ahnis  parallel  to c g,  and  chmiso.  straight  line, 
the  angle  mhn  is  equal  to  the  angle  heg;  and  because, 
also,  hm,  hn  are  equal,  mn  is  parallel  to  h  g,  and  hmnis 
similar  to  chg,  and  the  strain  on  J  y  is  to  the  vertical  load 
as  the  distance  h g  ox  ac  to  the  depth,  and  that  strain  is 

=  "W  X  ^  ;  this  strain  will  go  through  hhtoh.    Thus,  d 
a 

representing  the  load,  there  is  a  strain  ah  on  every  inclined 
bar,  and  on  the  horizontal  bars  the  strain  is  augmented  at 
i  every  point  with  an  inclined  bar  in  the  following  manner: — 

On       the  strain  is  W  X        on  ce,  Wx(^  +  ^  i; 

2d  \2d      d  / 

ion  cyfe,  W  X  f  —  +  ^/  +       ;  on  hg  the  strain  is  W  X 
\2d      a       d  I 

;on  the  top  flange  the  strains  increase  in  arithmetical  pro- 
gression, as  1,  3,  5,  &c. ;  and  on  the  bottom  flange,  as  2, 
4,  6,  &c.  The  horizontal  pull  on  the  wall  at  Ic  from  fh 
will,  however,  be  represented  by  half  a  c,  as  may  be  shown 
by  completing  the  parallelogram  hp  r  q,  and  arguing  upon 
the  similarity  of  the  triangles  krq,  hfh. 

The  total  puU  upon  the  waU  at  ^  wiU  be  (1  +  2 

+  2  +  1)=^^;'^''. 

d 
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The  total  thrust  on  the  wall  at  ^  =  — ^ —  (2  +  2  +  2) 

_  SW.  ac    rpj^Q  gg^jjie  results  will  be  arrived  at  by  taking 
d 

the  moments  of  force  about  h  and  k,  and  dividing  by  d,  as 
in  the  case  of  the  plate-webbed  cantilever,  for  this  gives 

d  ' 

Fig.  29  shows  another  arrangement  of  framed  cantilever, 
where  some  of  the  bars  are  inclined  and  some  vertical 
in  the  web.  It  is  supposed  to  be  loaded  with  a.  weight 
W  at  the  end,  L  being  equal  to  the  length  of  an  in- 
clined bar,  and  d  the  depth  equal  to  the  length  of  a 
vertical  bar. 

The  horizontal  projection  of  each  inclined  bar  is  equal 


Fig.  29.  Fig.  30. 


to  ab,  and  at  each  joint  of  inclined  and  horizontal  members 
the  ratio  of  the  strain  brought  upon  the  horizontal  bar  bj 
the  inclined  to  that  of  the  inclined  bar  is  as  «  ^  to  L,  and 
is,  therefore,  equal  to  W  X  J  X      =  Wx_«5_  rpj^^ ^^^^^^^ 

on  each  inclined  bar  is  W  X  y,  that  on  each  vertical  bai 

a 

equal  to  W. 

Let  Fig.  30  represent  a  triangular  girder  loaded  uni^ 
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formly  with  a  weight  W  for  a  length  of  the  base  of  one 

triangle ;  then  the  loads  will  be  at  a,       c  and  /,  W;  and 

2 

A,  2- 

Let  L  =  length  of  a  lattice  bar,  and  d,  —  depth  of  girder, 

then  the  strains  on  the  inclined  bars  will  be,  if  s  =  strain 

W     L  WL 
on  any  bar,  on  »  5  and  Ic,  —  5  =  —  x  ,  =  -r— 3- ;   on  c  « 

2      di       2  a 

,  .  WL  ,  WL  3WL  .  ,  _3WL 
and./,*=  2T-  +  -^=  -2^-  ;  onfg,gh,s  =  -^ 

,  WL__5WL 
d  2d 

Let  B  =  base  of  one  triangle,  then  the  strains  due  to 
the  load  at  a  being  represented  by  the  triangle  a  il,  the 
resolution  of  strains  at  the  intersections  h,c,e,f,g,  by 
the  triangles  ale,  hoe,  &c. 

W         B  WB  WB    ,    -rrr  ^ 

On  a.,  .  =  I  X  2^^  =  ^  ;  on      .  =^  +  W  X 

13WB 
4  * 

We  may  check  this  by  taking  the  moments  of  the  loads 
about  the  point  g  to  give  the  strain  on  fh,  dividing  this 

W 

moment  by  d.  The  moments  of  the  weights  are  for  a,  ^ 

2-5  B  =  ^^;  for<?,Wxl-5B  =  l-5  WB;  for/,  W  x 
4 

0-5  B  =  0-5  WB;  and  the  sum  of  these  divided  hy  d  = 

The  process  looks  somewhat  intricate,  hence  I  will 
further  explain  how  the  increments  ate  and /are  obtained 
for  the  horizontal  member  a  h. 
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In  Fig.  31  ahia  the  line  of  the  upper  flange  on  which 
are  to  be  marked  the  strains  for  subsequent  adding  up. 

W 

First  we  have  the  horizontal  strain  on  ac  due  to      at  «. 


Iid  = 


W 

"2  ,  complete  (Fig.  30)  the  parallelogram  aihh; 

then  ak  I—  ?^  wiU  be  the  strain  on    c,  or  s  =  ^  x  ^  = 
\    2/  2  ai 

T  ^  ^     ^  ~  TJ'  through  the  flange  to 

the  wall,  so  it^  is  marked  on  every  bar.  Now  for  the  in- 
crement at  c  (Fig.  31).  We 
have,  first,  the  strain  brought 
on  the  flange  by  the  bar  h  e ; 
the  increment  is  to  the  strain 
on  the  bar  as  w c  to  cm,  or 

as  B  to  L  :  hence  =  ^^[^  x 
2d 

second,  the  strain 


 '  '  

h 

WB 

WB 

W  B 

WB 

W  B 

cL 

5WB 

2WB 

13  WB 

a.         c       1  f 

\  /i\ 

lu/- — I — \o 

/   !  \ 

6       p  e 

Fig.  31. 

B 
L 


WB 

2d 


on  cf  due  to  the  load  W  on 
c.  Make  cp  —  d  —  W,  then 
in  the  parallelogram  cp  e  q, 

cq  —  ^  here  represents  the 
increment  due  to  load  at  c  = 


B.  1  WB 


W  X  ^  X  ^ 


d  2d 


,  which,  added  to  the  first  part  of  the 


,      1    WB , WB  WB 

mcrement,  makes          +  =-  =  — =- , 

'  2  d       2  d  d 


the  total  increment 


in  the  expression  for  cf,  which  also  passes  to  h,  as  marked. 
As  to  the  second  part  of  the  increment,  it  is  to  be  noticed 
that  it  will  be  the  same  for  /,  and  if  there  were  more  inter- 
sections, the  same  for  all  succeeding  ;  but  the  first  part  is 
determined  by  the  strain  on  the  inclined  bar,  so  we  have 
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3  WL  B 

'or  the  increment  at  /  first  from  bar  ef,  s-=  ^  ^  X  = 
^  from  the  load  at  /,  8  —  making  the  total 


increment  s 


3WB  WB 
2d    ^  2d 


2WB 


Were  this  to  be 


continued  as  for  a  longer  cantilever,  we  shoidd  find  the 
bacrements  increasing  in  value  at  every  joint  by  a  quantity 
.  WB 
d  ■ 

The  strains  on  the  bottom  flange  (Fig.  30)  will  be,  on 


WL^B  WB 
B  2WB 


WB  ,  3  WL 


2  ^^ 


2d 

9WB 


2WB  .5WL'B 

^    :  on  ff  r,  s  =  +    X  =  

IL         (?'^'  d     ^    2d        Jj  2d 

There  are  no  other  increments,  as  there  are  no  additional 

loads  at  the  bottom  joints. 

The  summing  up  of  the  strains  on  the  lower  flange  can 

ilso  be  checked  by  taking  the  moments  about  the  point  h 

Tig.  30) ;  they  wiU  be  for     ^  X  3  B ;  f or  c,  W  X  2  B  ; 


'or/,  W  X  B ;  total,  divided  by  d,  to  give  direct  strain  at  r, 
_  WB  /3  ,  4  .  2\  _  9WB 

d 


,2     2  2/ 


2  d 


as  found  above. 


Let  A  B,  Fig.  32,  represent  a  triangular  girder  supported 
it  both  ends,  and  loaded  by  a  weight  W  placed  on  one  of 


A 

G%3   VV  ' 

\/  \/  \/  ^"\/   \7  \ 

B 

i 

IS 

16  a  17  c  18    19    ao  ai 

  I    * 

r 

Fig.  32. 

the  apices  of  the  triangles,  I  =  the  span,  the  remaining 
notation  as  above.    By  the  usual  method  the  reactions  of 
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the  supports  A  and  B  are  found,  being,  on  A,  W  X 
5  h 

and  on  B,  W  X  — =- ;  or  as  ?  =  7  b,  the  reactions  are,  on 

A  =  W  X  ——Y  =  — — ,  and  on  J  =  W  X  -— ^  =  — -  . 

14  0        14  14  0  14 

Eesolving  these  weights  on  the  inclined  bars,  we  shall  find 

alternately  in  compression  and  tension  on  the  bars  1  to  5, 

s  =         X  —  =  ^JL^^  and  on  the  bars  6  to  14,  alternately 
14       a       14  a 

in  compression  and  tension,  s  =  At  every  intersec- 

tion the  strains  will  be  resolved  as  represented  by  the  com- 
plete triangles,  but  the  strains  on  bars  5  and  14  will  be 
resolved  vertically  and  horizontally  on  the  supports  and 
the  bottom  flange.  The  strains  to  the  left  side  of  W  will  be, 

on  15,  s  =-_x^=  on  16,  .  =— ^- 

9JOix±=  ^1^;  and  on  17,  .  =  ^l.^^ 

^    14d         28  d  ^ 

21  is.  =A-^x  and  at  every  joint  to- 

14  a       2  Li       28  a 

wards  W  there  will  be  an  increment  =  ^,  ^  ,  X  t--  = 

14  a  Li 

^  ^  !^  ;  so  that  on  17  the  strain  will  be  «  =  ^  ^^7^  + 
14  d  28  d 

4  X  ^        __  45  W  &  -which  there  meets  and  equilibratea 
14  a         28  a 

the  strains  coming  from  the  left  side  of  W.  I  wiU  now 
compare  this  with  the  strain  as  found  by  taking  the 
moments  about  the  points  under  W.  The  strain  will  be 
equal  to  the  moment  of  the  reaction  of  A  divided  by  d  or 

.  =  IWJ  ^  4|-=4^',  -tere  ^  =  7  B,  mating 
2  I  2  d        4  I  a 
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e  =      ^J*-    On  the  top  flange  the  increment  of  strain 
28  d 

at  each  intersection  of  diagonals  will  be,  on  the  left  of  W 

 ,  ,  making  the  stram  on  23,  s  =  2  X       r-v- = 

14  d  14  d 

9  W  b         ^-^^  right  of  "W  each  increment  will  be  ^  ^  ^ 
7  d  14  d 

5Wb      low  b 


making  the  strain  on  24,  «  =  4  X 


14  d  Id 


9  W  5 

"We  have  therefore  on  the  one  side  — — _ on  the  other 

7  d 

7^  ^ '    ^'^^  '^^      consider  that        passes  down  bar  1 

and         down  bar  6,  we  shall  find  that  the  pressure  of 

the  tops  of  the  bars  on  the  pin  joining  them  will  be  ^  ^ } 

28  d 

and  ^_^L?  respectively,  showing  a  difference  of  ^  ^  ^ 
28  d        ^  ^  28  d 

•\rr  I 

__ —  pressing  from  the  left,  and  therefore  to  be  added 
7  d 

to  the  strain  brought  upon  the  pin  by  bar  23,  bringing  it 

up  to      ^  ^  which  equilibrates  the  strain  on  bar  24. 
7  d 

To  check  the  accuracy  of  the  strain  thus  determined  on 

the  bar  23,  the  moments  about  the  apex  a  may  be  taken 

9  W  9  W  b 

and  divided  by  d  thus :  —    X  2  i  =  ,  and  for  the 

14  »  la 

bar  24,  about  c,  X  4  5  =  — ^-^ — 

The  mode  of  procedure  is  of  course  similar  if  the  load 
be  on  the  bottom  flange.  If  there  be  more  than  one  weight 
on  the  girder  the  strains  can  be  determined  separately  for 
them,  and  the  resultants  found :  if  on  any  bar  all  the  strains 
are  compressive,  or  aU  are  tensile,  the  sum  of  strains  will 
be  the  resultant  strain ;  but  if  they  are  mixed,  the  difference 
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between  tlie  sums  of  the  compressive  and  tensile  strains 
will  be  the  resultant  strain. 

In  Fig.  33,  let  A  B  represent  a  triangular  girder  having 
a  uniformly  distributed  load  w  per  lineal  foot  on  the  top 
a        h        c         t  ^ 


B 

1 

XL        la    g  13 
^  1 

1 

Fig.  33. 

flange.  It  evident  that  one-half  the  load  wiU  in 
this  case  be  on  each  support ;  thus  each  strut  carries  all 
the  load  that  lies  between  it  and  the  centre  of  the  girder ; 
hence  the  loads,  if  B  equal  the  base  of  one  triangle 


on  the  struts,  will  be,  on  5  and  6, 


on  3  and  8, 


^        ;  on  1  and  10,  ^  ^     ;  and  were  the  girder  longer, 

the  loads  would  continue  to  increase  in  like  arithmetical 
progression.  In  order  to  test  the  accuracy  of  this  sum- 
ming of  loads,  I  wiU  take  the  load  on  each  apex  separately, 
and  sum  the  results  (for  loads,  not  strains),  calling  tensions 

minus  and  compressions  +.  Load  at  a  gives  on  1,  ^  ^  — 


2,  4,  6,  8,  10, 


w  B 
10 


10  ' 

;  but  these  nxmibers  will  be  clearer  in  a 


tabular  form,  in  which,  however,  the  w  B  will  be  omitted. 
Table  of  Strains  on  Diagonals. 


No.  of  Bar. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Load  on  apex  a 

+  tl- 

+  io 

 L. 

1  0 

+  -\t 

1 

—  T6 

+  1^0 

 I. 

10 

 1. 

„  h 

 i- 

1  0 

+  -h 

+  1% 

3 

— 10 

+  1% 

3 

—  10 

+  A- 

A 

10 

„  c 



1  0 

+  1% 

1  0 

4.-5, 
+  1  0 

+  -/o- 

10 

+  1% 

i> 

—  10 

>)       )»  d 

+  -1^0- 

3 

—  10 

+  1^0 

3 

1  0 

+  1% 

.3 
—  10 

+  ^ 

+  -fo 

7 

—  10" 

-t 

»>  » 



+  1^0- 

+  iV 

-A 

+  ^6 

4 

Besultant  load 

+  2-5 

-1-6 

+  1-5 

-•6 

+  •6 

+  •5 

-•5 

+  1-5 

-1-5 

+ 

TRIANGULAR  GIRDERS. 


69 


Each  of  these  resultants  multiplied  by  to  B  will  be  the 
oad  for  the  corresponding  diagonal.  We  must  now  con- 
lider  the  strains  on  the  flanges.  The  increments  on  the 
)ottom  flange  will  be  for  the  end  bars  1  and  10,  the  strains 
>n  those  bars  resolved  vertically  and  horizontally,  or  to  the 

B  B 

itrains  on  the  bars,  as  — at  the  other  intersections  as 

The  strains  on  the  diagonals  will  be  to  the  loads  as  ^ ; 
lence  from  the  table  are  found  the  latter  as  follows : — 

On  5  and  6,  s  =  -5  w  B  X'^  =  ^?}^  i  4  and  7  the 
lame  but  tension,  as  will  be  the  case  in  each  second  pair  of 

)ars;  on  3,  8,  2,  9,  «  =  1-5  w  B  X  ^  —  ^  ^  ^  J^.  on  1 

d  2d 

jind  10,  «  =  2-5  1^  B  X  ^  =  AifL^. 
^         '  d  2d 

On  the  bottom  flange,  on  11  and  15,  «  =  5  «gB  L  ^  B_ 

2d  2L 

6w>B'         i„  5«;B2,3m>BL  B 

;  on  12  and  14,  s  =  — Y  r— X  — = 


4i'  '  4:d     '      2  d  Jj 

.1«'B\  ^„               11  t^;  B«  ,  «;  B  L  ^  B      13  w;  B* 
on  i<5,  8  — — —         .  X 


4^;'  4(?'2«?        L         4:d  ' 

Nq  wiU  check  this  by  taking  the  moments :  about  the  apex 

there  is  the  reaction  of  A  =  ^  ^     by  its  leverage 

2  2 

Bss  the  downward  moments  of  the  loads  at  a  and  h,  giving, 

rhen  divided  by  d,  for  the  strain  on  13,  s  =         x  —  - 

2d  2 

'2wB^  +  tv  B^\_  25     B'  _  12  w  B^  _  13  w  B^ 
d  )        4  d  Td  Td~' 

The  top  flange  must  now  be  dealt  with,  where  the  in- 
trements  are  in  two  parts,  one  for  that  brought  on  by  the 
liagonal,  and  the  other  for  the  additional  load ;  the  process 
B  very  similar  to  that  for  the  cantilever. 
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The  portion  of  tlie  increment  due  to  the  additional  load 

will  at  each  apex  he  =  wB  X  -^^-5-=  ,  >  the  other  part 

2  a       2  a 

B 

being  equal  to  the  strain  on  the  tie  multiplied  by  ^.  The 

Li 

strains  will  be  on  the  top  flange,  on  16,  «  —  ^^^^  X  5--}- 

2d  Xj 

wB^_4:wB^  ^^.^        4wB^  ,  M^BL^B  ,  wB^ 

2d  — 27- '      * = ^2d~ +-2^  ^  L  +  irr= 


2  d 


This  strain  is  checked  by  taking  out  the 


moments  about  the  apex  g\  thus,  «  =  ^  ^      x  2  B  — 

2  d 

\  d  )         d~     ~d  d 

It  is  found  from  the  foregoing  that  the  strains  on  the 
diagonals  increase  from  the  centre  of  the  girder  towards 
the  points  of  support  in  an  arithmetical  progression,  1,  3, 
5,  &c.,  with  a  difference  of  two  ;  so  that  one  strain  on  the^j 
central  triangle  being  calculated,  the  rest  can  be  set  down, 
and  from  the  numbers  so  obtained  the  strains  on  the 
flanges  may  be  found. 

It  is  worthy  of  observation  that  in  the  top  flange  the 
numerical  coefficient  of  the  total  increment  at  any  inter- 
section is  the  mean  of  the  numerical  coefficients  of  the  strains 
on  the  intersecting  diagonals  ;  thus  on  1 6  we  find  at  a,  co- 
efficients of  1  and  2  in  the  table  2-5  and  1-5,  of  which  the 

mean  is  2,  and  the  increment  lifL^^  showing  a  coefficient 

2  d 

—  2,  and  similarly  &t  h  e  lA"^  ^  =  l. 

2 

I  will  now  take  a  case  in  which  the  same  girder  is 
used,  but  to  be  loaded  at  the  bottom  instead  of  at  the  top. 

Under  these  circumstances  it  will  be  found  that  the  bars 
5  and  6  will  have  no  strain  at  all  upon  them,  for  the  com- 
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>ression  on  each  due  to  the  load  at  the  foot  of  the  other 
8  nullified  by  the  tension  produced  by  the  load  at  its  own 
oot,  therefore  theoretically  these  bars  might  be  abolished, 
>ut  in  a  practical  sense  they  are  requisite  to  support  the 
op  flange,  otherwise  there  would  be  an  excessively  long 
dement  in  compression  unsupported:  the  strains  on  the 
liagonals  will  be,  on  5  and  6,  «  =  0 ;  on  4,  7,  3,  8,  s  = 

.  B  X  ^-  =  i^^;  on  2,  9,  1,  10,  .  =  +  !i^  = 

^  ^         Where  there  is  not  a  central  loaded  apex  it 

,ppear8  from  this  that  the  strains  increase  as  1,  2,  3,  &c., 
rith  a  difference  of  1. 

The  increments  of  strain  due  to  the  strains  on  the  diagonals 
rill  be  determined  as  before,  there  being  in  this  case  only 
hese  on  the  top  flange.  On  the  bottom  flange  the  incre- 
aents  due  to  increments  of  load  will  come,  this  being  the 
nly  increment  at  g.  The  strains  on  the  top  flange  will 
ben  be — 

Onab,  s  z=  _  x     =  — = —  ;  on  i  c,  «  =  —  + 

a  Li        a  d 

' '  ?^  X  ^  =  ^  ^    ^.  Checking  this  by  the  moments,  s  ~ 
a         Li  a 

t;Bx2B— wBxB__  3 B  bottom  flange  the 

da  ° 

trams  will  be,  on  11,  s  =  —  x  — =  ;  on  12, 

d         21,  d 

d         'd  ~  ^  L  +  2-d  =  -2  d-  '  '  =  -2T 

toB^      6^^;B2      SwB''     nx.    t  •      ^-u-    v  .-u 
-  — — i-  =  — =  — 5 —     Checking  this  by  the  mo- 
2d         2d  d  &  ^ 

,  2m;B  X  2-5B  — m;B  (1-5  +  0-5)  B 

lents,  we  have  «  =  —  ■  ^ — 

d 

3wB^ 
d  ' 
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When  the  girder  is  uniformly  loaded  it  will  be  seen  that 
all  the  bars  pointing  from  the  centre  downwards  towards 
the  points  of  support  are  struts,  and  those  in  the  reverse 
direction  ties  ;  but  structures  designed  to  carry  such  a  load 
as  this  are  often  subjected  to  partial  loads,  which  alter  the 
nature  of  the  strains  on  some  of  the  central  diagonals,  and 
this  must  be  attended  to,  in  order  that  the  bars  there  used 
may  be  made  of  sections  suitable  to  resist  compression, 
even  though  they  are  ties  under  the  maximum  load. 

Assume  that  on  a  girder  (Fig.  34)  consisting  of  nine 
triangles  a  train  has  run,  as  shown  by  the  larger  circles,  to 
the  triangle  next  to  that  at  the  centre,  and  let  the  full  load 
of  girder  and  train  be  3  w  per  lineal  foot,  w  per  lineal  foot 
being  the  dead  load  on  the  girder  ;  then  there  will  be  on 
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the  five  triangles  nearest  A,  w  B  on  each  apex  =  5  B,  of 
which  the  proportion  passing  towards  B,  and  therefore 

■*  .  .  2'5  B 

in  compression  through  the  bar  g,  will  be  5    B  x  - — j — 

~  ifLlL  On  the  four  triangles  nearest  B,  the  load 

on  each  apex  is  3«i;B  =  12?fB  in  all,  of  which  the  part 
passing  towards  A,  and  therefore  putting  the  bar  g  in 

tension,  is  12  w  B  X  ^     ^        t]^at  the  tensile 

strain  is  the  greater,  and  under  this  position  of  the  loac 
the  bar  g  will  be  a  tie,  and  the  bar  /  will  be  a  strut ;  ju8 
the  reverse  of  their  conditions  under  the  maximum  load. 
I  have  so  fully  worked  the  details  of  the  examples  givei 
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in  order  to  avoid  the  chance  of  a  doubt  in  the  student's 
oaind  as  to  the  mode  of  procedure,  and  I  do  not  think  it 
aecessary  to  take  further  examples  in  illustration. 

If  there  is  more  than  one  series  of  triangles  crossing 
each  other,  then,  of  course,  the  strains  on  the  bars  are  pro- 
portionately divided.  The  most  ordinary  angles  used  in 
practice  for  the  diagonals  are  60  degrees  to  the  horizon, 

T  g 

when      =  1*154,  and  -  =  ri54,  and  45  degrees  to  the 
a  a 

L  L  B 

porizon,  when      =1-414,  and     =  2. 

]  Co  (t 

The  forms  in  which  braced  structures  may  appear  are 
endless  in  their  variety,  and  each  new  arrangement  will 
probably  call  for  some  corresponding  alteration  of  detail  in 
determining  the  strains  ;  but  as  the  centre  lines  of  the 
elements  form  bases  for  the  parallelograms  of  forces,  there 
cannot  be  much  difficulty  in  working  any  form  out  when 
the  rationale  of  the  method  has  been  once  fairly  grasped, 
although  it  must  be  said  that  diligent  care  must  be  used  to 
insure  against  missing  anything. 

There  are,  however,  certain  typical  forms  which  it  will 
be  desirable  here  to  examine,  of  which  I  shall  now  take 
that  shown  at  Fig.  35,  which  is  known  as  a  bowstring 
girder.  A  is  one  of  the  supports,  and  the  load  is  carried 
on  the  bottom  member,  or  the  string  of  the  bow  ;  the  loads 
on  the  different  joints  being  indicated  by  w',  w",  w'" .  The 
bow  is  formed  of  straight  elements,  or  if,  for  appearance' 
sake,  it  is  curved,  a  line  ^rawn  in  any  bay  from  the  centre 
of  one  joint  with  a  diagonal,  to  that  of  the  other  end  joint, 
must  keep  well  within  the  depth  of  the  element,  otherwise 
it  will  be  subject  to  an  undue  bending  stress. 

This  structure,  which  is  purely  a  braced  girder,  must  not 
(because  to  the  uneducated  eye  it  bears  some  resemblance 
to  it)  be  confounded  with  the  tied  arch,  where  the  upper 
liurved  member  is  a  true  arch,  having  its  abutments  held 
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together  by  a  tie,  and  in  whicli  the  diagonal  counterbracing 
(as  will  be  shown  subsequently)  carries  no  part  of  the 
load,  but  serves  to  support  the  tie  and  distribute  the  load 


when  unequal,  so  as  to  prevent  excessive  distortion  of  the 
arch. 

The  diagram  of  the  half-girder  is  drawn  to  a  scale  of 
four  feet  to  one  inch,  and  for  the  paraUelograms  of  forces 
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the  scale  taken  is  forty  tons  to  one  inch.  In  actual  prac- 
tice a  much  larger  scale  would  be  taken,  but  we  are  here 
limited  to  space,  and  even  at  this  scale  very  close  approxi- 
mations to  accuracy  may  be  obtained  by  using  a  weU- 
divided  diagonal  scale. 

The  top  member  of  the  girder  comprises  the  bars  ah,  he, 
cd,  and  de;  the  bottom  member,  ef,  fg,  gh,  hi;  the 
diagonals  are,  ah,  hi,  h  g,  g  c,  of,  and/y&. 

A  load  of  two  tons  per  lineal  foot  is  supposed  to  be  on 
the  bottom  member  of  the  girder,  so  it  may  be  considered 
as  aggi-egated  at  the  points  h,  g,  and  /,  where  it  amounts 
to  w'  =  13-05  tons  ;  w"  =  9-1  tons ;  w'"  =  4-85  tons.  These 
three  added  together  wiU  =  27  tons,  which  is  the  load  on 
and  the  amount  of  upward  reaction  of  the  support  A,  which, 
acting  verticaUy  at  the  point  e,  is  to  be  in  the  first  place 
resolved  into  strains  upon  bars  ed  and  e  f.  Make  e  P  = 
27  tons,  complete  the  paraUelogram  eP  QE,  join  e  Q,  then 
e  E  wiU  equal  the  tension  on  e  f,  and  e  Q  the  compression 
on  e  d.  Produce  e  d  to  o,  making  do  =  eQ;  this  strain 
must  be  carried  by  the  bars  df;  produce  fd,  and  com- 
plete the  paraUelogram  dp  o  n  :  dp  wHl  he  th.e  strain  on 
do,  and  dn  that  upon  the  former  compression,  the 
latter  tension.  On  fd  mark  off /T  =  dn,  and  from  /  draw 
the  vertical  Hne  fl  =  w'"  —  4-85  tons ;  complete  parallelo- 
gram fTkl,  then  fk  is  the  resultant  of  the  strain  on  fd, 
and  the  weight  w'". 

Prom/markoff /m=«E,  and  complete  the  parallelo- 
gram/^/m;  /y  wiU  be  the  new  resultant,  which  must  be 
carried  by  the  bars  fg,  /t;— tension  on  the  former,  and 
compression  on  the  latter;  produce  //  to  s,  making = 
fj,  and  complete  the  paraUelogram  rsfq;fr  is  the  strain 
on  fg,  andfq  that  on  fc.  Again,  produce  detov,  making 
ov  =  dp,  and  fc  to  f,  making  ct=fq;  complete  the 
paraUelogram  c  f  v  tv,  then  e  u  is  the  resultant  of  the 
strains  on  dc  and  fc,  and  is  sustained  by  the  bars  cb 

E  2 
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and  eg.    Produce  g  c,  and  complete  the  parallelogram 
r.xuw\  then  cx  \%  the  compression  on  c  I,   and  o  lo 
the  tension  on  eg.    Make  gy-cw,  and  from  ^  draw 
vertically  y  2  =  w"  —  9-1  tons ;  complete  the  paraUelogram 
^yBz;         will  be  the  new  resultant,  which  happen- 
ing to  faU  on  the  hne  of  gh,  will  be  borne  entirely  by  that 
bar,  putting  no  strain  on  ^  5  ;  the  total  strain  ough  z=^fr  + 
g  B.    Again,  produce  c  J  to  D,  making  5  D  =  c  a? ;  produce 
h  h,  and  complete  the  paraUelogram  J  E  D  C,  then  h  E  will 
be  the  strain      ham  compression,  and  I  c  the  tension  on 
h  h ;  make  A I  =  5  C,  and  draw  h  L  vertically  equal  to  tv'  = 
13-05  tons;  complete  the  parallelogram  A L K I,  then  hK 
wiU  be  the  resultant  of  the  strain  on  h  b,  and  the  weight  m^'. 
Make  A  V  =/r +^B,  and  complete  the  parallelogram 
A  K  J  V;  J  A  will  be  the  new  resultant,  to  be  carried  by  the 
bars  h  i  and  h  a.  Produce  J  A  to  N,  making  A  N  =  J  A,  and 
complete  the  paraUelogram  0  N  M  A ;  A  0  is  the  tension  on 
hi,  and  AM  the  tension  on  Jia.    From  a  mark  off  aP  = 
I E,  and  complete  the  paraUelogram  H  P  G    making  H  P 
horizontal ;  then,  if  the  diagram  has  been  accurately  worked 
out,  H  P  =  A  0,  and  a  H  =  M  A.    That  being  so,  let  us 
check  our  results  by  the  system  of  moments.    The  reaction 
at  e  =  27  tons;  the  intermediate  loads  are  distant  from  i  as 
foUows  '.—w'  at  3-6  ft.,  w"  at  9-45  ft.,  and  w'"  at  12-7  ft. 
The  length  eixB  13-85  ft.,  and  the  depth  ia  is  6-24  ft. 
The  strain  on  A  i  wiU  therefore  be — 
27  X  13-85  -  (13-05  X  3-6  +  9-1  X  9-45  +  4-85  X  12-7) 
6^24  ~ 
=  28-74  tons.    The  line  AO  scales  29-1  tons,  showing  a 
difference  of  0-36  for  errors  in  drawing  the  parallelograms 
of  forces,  not  much  over  1  per  cent,  of  the  total. 

The  diagram  being  completed,  the  strains  on  the  various 
bars  can  be  sealed  off,  and  the  quantity  of  material  required 
for  each  determined. 

In  some  cases,  as  for  roofs,  the  load  wiU  be  upon  tho 
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top  member,  but  the  method  of  determining  the  strains 
will  be  analogous  to  that  illustrated  in  this  example. 

The  crescent  girder  is  a  structure  similar  in  principle  to  the 
above,  and  calculated  in  the  same  way,  but  it  has  the  bottom 
or  tension  member  considerably  curved,  so  as  to  give  the 
whole  rib  the  appearance  of  an  arch  pointed  at  each  end. 
This  form  is  much  used  for  roofs,  having  a  very  elegant 
appearance,  and  being,  moreover,  an  economical  form  of  rib. 
The  ends  of  all  these  girders  must  be  left  free  for  expan- 
sion and  contraction  to  take  place,  otherwise,  under  changes 
of  temperature,  they  will  be  subject  to  undue  strains,  and 
in  expanding  may  even  bend  and  become  permanently 
crippled,  and,  moreover,  if  firmly  fixed  at  the  ends,  the 
tie  must  buckle,  as  it  cannot  extend  imder  the  tension 
thrown  on  it ;  in  fact,  by  fixing  the  ends,  the  whole  equi- 
librium of  the  structure  is  destroyed.  I  refer  to  this,  as 
cases  have  occurred  of  the  ends  of  a  crescent  girder  being 
firmly  screwed  down,  with  the  result  of  distorting  the 
girder  laterally,  until,  upon  having  its  feet  released,  it 
assumed  its  normal  shape. 

I  have  now  shown  the  method  of  determining  the  strains 
on  braced  structures  by  sections,  as  in  the  lattice  girder,  and 
by  reactions,  as  in  the  example  last  considered ;  but  there  is 
another  system  of  calculation  by  dividing  the  structure  into 
primary,  secondary,  tertiary,  &c.,  trusses,  which  is  generally 
employed  in  determining  the  strains  upon  ordinary  roof 
trusses,  and  these  I  shaU  now  proceed  to  investigate. 

In  Fig.  36  A  B  C  represents  the  commonest  shape  of 
truss  for  roofs  of  small  span.  CA,  CB  are  called  the 
rafters,  0 /  the  king  rod,  and  A  B  the  tie.  Although  in 
practice  the  rafters  are  in  one  piece,  also  the  tie,  I  have 
drawn  them  as  separate  bars  laid  together,  in  order  to 
show  how  the  trusses  are  calculated.  A  B  C  is  the  primary, 
and  Ad/jBef  are  secondary  trusses ;  others  coming  within 
these  would  be  tertiary  trusses,  and  so  forth. 
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The  load  upon  the  roof  will  be  regarded  as  concentrated 
at  the  points  C,  d,  A,  B.  The  weight  at  d  is  firstly  supposed 
to  come  upon  the  secondary  truss  Kdf.  Draw  the  vertical 
line  d  g  equal  the  load  at  d ;  complete  the  parallelogram 
dJigi,  then  d  h  and  d  i  will  represent  the  strains  on  d  n  and 
d f.  Prom  n  mark  off  % ^  equal  io  dh\  this  strain  must  be 
resolved  vertically  on  the  point  of  support,  and  upon  the 
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Fig.  36. 

bar  n f.  Complete  the  parallelogram  nkl 711,  then  nm  \^ 
the  vertical  component,  and  n  I  the  strain  on  the  bar  n  f. 
From  /  mark  otf  fo  —  di;  this  strain  must  be  resolved 
between  the  king  rod  c  f  and  the  tie  / n.  Complete  the 
parallelogram  q  op  f,  then  fp  —  strain  on /C,  and  fq  =  the 
strain  on  the  tie  fn.  Upon  the  king  rod  there  will  also  be 
another  strain  brought  upon  it  by  the  other  secoaidaiy 
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truss  /e  B ;  let  C  «  represent  the  sum  of  these  strains ;  they 
must  be  resolved  on  the  rafters  C  A  and  C  B.  Complete 
the  parallelogram  Crst,  then  C r  is  the  strain  on  0 A,  and 
C  t  that  on  0  B.  The  strain  C  r  must  be  marked  off  from 
A  towards  C,  and  resolved  vertically  and  on  the  tie  A  B.  As 
the  rafter  is  made  in  one  piece,  the  strain  upon  it  will  be 
Or  between  C  and  d,  and  between  d  and  A  it  will  be 
Gr  -\-  dh;  and  in  like  manner  the  strain  on  the  tie  will 
be  the  sum  of  the  strains  on  the  ties  n  q  and  A  B. 

At  D  E  P  is  shown  another  form  of  roof  truss,  where 
there  are  tertiary  trusses  hD  i,  m'Ek,  in  secondary  trusses 
Dj,  I  'Ej,  the  whole  resting  in  the  primary  truss  D  E  F ; 
ffi,  Ik  are  queen  rods.  In  this  arrangement  the  load  at  h 
is  first  taken,  and  resolved  on  A  D,  hi;  then  the  load  on  ff, 
with  that  coming  up,  ^  i,  from  the  end  of  D  A  i,  and  finally 
the  load  at  F,  with  the  strain  on  Fy  brought  up  from  the  ends 
of  the  two  secondary  trusses  Dj,  I E/  After  all  the  strains 
have  been  determined,  they  are  added  together  as  before. 

G-  H I  is  another  form  of  roof  of  light  design,  but  not  so 
steady  as  those  preceding  it.  It  consists  of  two  primary 
trusses,  Grl,  H  s  I,  leaned  against  each  other  at  I,  and 
tied  below  by  the  bar  r  a. 

In  the  first  place,  the  loads  &t  klm  are  marked  off  on 
vertical  lines,  and  parallelograms  are  completed  as  shown 
to  determine  the  strains  resulting  from  these  loads  on 
m  I  and  mv,  Ik  and  I  r,  and  k  Q-  and  k  q.  The  strains  on 
m  V  and  h  q  will  again  have  to  be  resolved,  the  former  on 
V I  and  V  I,  the  latter  on  ql  and  q  Q.  The  strains  on  vl 
and  q  I  will  produce  a  resultant  strain  on  I  r,  which,  to- 
gether with  the  strain  brought  upon  it  by  the  load  at  I, 
will  have  again  to  be  resolved  on  the  bars  r  I  and  r  G ; 
the  strain  on  r  I  being  resolved  at  I,  normally  to  and  ot. 
I  G,  and  the  strain  on  r  G  being  resolved  on  G  I  and  at 
right  angles  to  it.  The  total  thrust  must  be  resolved  hori- 
zontally and  vertically  to  find  the  tension  on  r  s. 
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The  roofs  carried  by  arched  ribs  and  girders  are  of 
course  calculated  in  the  same  way  as  the  same  elements 
when  used  for  other  purposes. 

In  roof  trusses,  where  the  loads  are  actually  distributed 
continuously  along  the  rafters,  it  is  evident  that  these 
elements  undergo  transverse  in  addition  to  longitudinal 
strain ;  hence  care  must  be  taken  that  they  be  made  suffi- 
ciently rigid  to  withstand  such  bending  strain.  From 
this  effect  of  the  load  it  will  be  found  that  in  small  roofs 
an  apparently  great  excess  of  material  must  be  employed 
in  order  to  secure  rigidity. 

In  all  the  braced  structures  and  arrangements  of  frames 
discussed  in  this  chapter,  the  bars  in  them  are  aU  parts  be- 
longiag  properly  to  such  structures— that  is  to  say,  being 
necessary  to  them  to  maintain  their  equilibrium  ;  but  in 
complicated  works  there  occur  systems  of  bracing  which 
do  not  belong  to  any  particular  girder  or  member,  so  far 
as  in  helping  it  to  resist  the  strains  proper  for  it  to  bear, 
but  which  serve  to  connect  the  various  girders  and  to  pro- 
tect them  against  the  action  of  external  forces,  against 
which  their  own  construction  does  not  provide. 

As  bracings  such  as  these  appear  to  be  quite  distinct  in 
their  functions  from  those  combinations  which  I  have 
described,  and  of  which  I  have  investigated  the  principles 
above,  I  shall  discuss  them  and  their  modes  of  application 
in  a  separate  chapter 
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ADVENTITIOUS  BEAOING. 

^His  bracing  is  tliat  wliicli  is  added  for  the  purpose  of 
Bcuring  solidity  and  rigidity  in  a  structure,  and  is  gene- 
ally  applied  to  resist  external  causes  of  vibration,  or,  if 
iich  vibration  must  occur,  to  cause  the  structure  to  act  as  a 
^bole,  not  to  be  shaken  about  in  detail,  so  that  the  solid 
lass  of  the  whole  structure  may  be  brought  into  action 
'^hen  any  pa/rt  of  it  is  attacked  by  a  vibratory  force. 
This  bracing,  sometimes  called  counterbracing,  occurs  in 
11  kinds  of  positions — vertical,  horizontal,  and  diagonal — 
nd  is  of  two  kinds,  plate  bracing  and  bar  bracing,  the 
Ormer  being  used  in  the  form  of  gussets  to  preserve  the 
jugular  positions  of  parts  of  a  structure  in  relation  to  each 
ther ;  but  we  have  here  more  particularly  to  deal  with  bar 
racing. 

In  Fig.  37,  a  I  and  c  d  represent  a  pair  of  bracing  bars 
itended  to  maintain  the  proper  form  in  the  rectangular 
:ame  to  which  they  are  attached.  These  bars  may  be 
mply  riveted  on,  or  they  may  be  attached  under  what 
1  called  initial  tension,  and  this  I  propose  to  discuss  before 
oing  further.  If  the  work  is  put  together  merely  as  a  fit 
-that  is,  no  strain  is  on  any  part  of  it  by  reason  of  process 
f  manufacture — let  us  examine  the  action  when  a  disturb- 
ig  strain  comes  into  play.  Let  a  force  P  act  at  c,  in  the 
irection  shown  by  the  arrow ;  this  will  tend  to  open  the 
B  3 
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angles  a  c  i,  a  d  I,  and  diminish  the  angles  d  a  c,  d  h  c,  to 
compress  c  d  and  elongate  a  h.  The  letters  ah  c  d  are  to 
be  taken  as  placed  at  the  centres  of  the  pins  connecting 
the  bracing  bars  with  the  rectangular  frame.  In  ordei' 
that  the  bars  may  act  properly  they  must  not  be  riveted 
together  at  their  intersection  e,  for  if  they  are  so  riveted 
any  disturbing  force  will  bring  transverse  strain  upon  them. 
It  is  very  important  that  bracing  should  act  as  soon  as 
possible,  that  it  should  not  allow  much  distortion  to  take 
place  before  its  effect  is  felt  in  opposing  it.  To  get  this 
quick  action  initial  tension  has  been  applied ;  that  is,  the 


already  acting  with  this  amount  of  force  to  resist  it: 
but  on  the  other. hand  the  other  bar  (that  that  would  b€ 
shortened  by  the  distortion)  is  by  the  same  amouni 
assisting  at  the  distortion,  so  that  so  far  nothing  is 
gained  in  resistance  to  distortion  by  the  use  of  initia 
strain,  and  therefore  it  is  an  unnecessary  addition  to  th( 
stresses  to  which  the  bars  will  in  the  ordinary  course  oi 
affairs  be  subject.  If  it  is  proj)osed  to  use  initial  straii 
to  make  sure  that  the  bracing  bars  are  not  loose,  then  th( 
point  of  bad  workmanship  is  touched  upon,  and  if  that  b( 
admitted  it  is  as  likely  to  occur  in  one  case  as  in  another 
then  if  the  initial  tension  is  carelessly  applied  there  maj 


Fig.  37. 


bars  are  put  on,  and  so  adjusted 
that  when  the  structure  is  un- 
disturbed they  aU.  have  a  certain 
amount  of  tension  on  them.  At 
first  sight  this  seems  like  getting 
a  good  hold  of  the  work,  but  let 
us  see  what  actually  happens. 
Suppose  the  initial  tension  to  be 
one  ton  per  sectional  inch  of  bar, 
directly  distortion  commences 
one  bar  (the  one  being  length- 
ened   by  such    distortion)  is 
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be  more  of  it  on  one  bar  titan  on  anotlier,  so  tliat  under 
mch  circumstances  we  start  with  a  tendency  (which  will 
be  always  in  action)  to  become  distorted  actually  resident 
in  the  work  itself,  and  this  is  certainly  about  as  bad  a  state 
of  affairs  as  can  be  imagined. 

In  order  to  ascertain  the  action  of  the  bracing  bars,  we 
must  observe  if  the  lengthening  and  shortening  efforts  are 
the  same  under  distortion,  for  if  not  then  we  may  find  a 
good  reason  for  using  initial  strain. 

If  (in  Fig.  38)  the  frame  ah  c  dhe  distorted  to  the  posi- 
tion shown  by  a'  b'  c  d,  it  will  be  found  that  the  shortening 
3f  the  line  h  c  will  exceed  the  lengthening  of  the  line  a  d ; 
and  that  it  should  be  the  case 
is  evident,  for  if  we  suppose 
the  frame  ah  c  d  to  collapse 
entirely,  so  that  the  point  h 
lies  upon  c,  and  the  lines  a 
\h,  h  d  shut  up  ojx  a  c,  c  d,  it 
will  be  observed  that  the  point 
h  will  have  travelled  through 
the  length  of  a  diagonal  h  c, 
while  the  point  a  has  travelled 
through  a  distance  equal  only 
to  the  difference  between 
the  length  of  a  diagonal  and  that  of  two  sides.  If,  for 
example,  the  frame  were  square,  calling  each  side  equal 
to  1,  then  the  diagonal  will  be  equal  to  1-414,  so  the  dis- 
tance travelled  by  I  will  be  1  -  414,  while  that  passed  through 
by  a  will  only  amount  to  2  —  1-414  =  0-586. 

If,  then,  initial  strain  be  applied,  the  force  assisting  dis- 
tortion will  diminish  very  rapidly :  considering  that  in  this 
case  ties  are  also  practically  more  effective  than  struts,  it 
seems  probable  that  the  judicious  use  of  initial  strain  in 
some  classes  of  eounterbracing  may  be  advantageous. 
Another  point  may  also  be  noticed,  which  is,  that  with- 
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out  initial  tension,  the  bar  under  compression  rapidly 
becomes  more  strained  than  that  under  tension,  whereas 
in  the  other  case  it  first  loses  its  initial  tension,  and  then 
starts  to  overtake  the  amount  of  strain  on  the  tie,  so  that 
the  ultimate  stresses  may  be  more  equal. 

In  Fig.  39,  let  alhg  represent  a  pier  consisting  of  two 
columns  braced  together  as  shown.    If  there  were  merely 
superincumbent  weight  to  be  sustained,  no  adventitious 
bracing  would  be  requisite ;  but  there  are  vibration  and  the 
wind  to  be  withstood,  and  that  force  of  the  wind  wiU  be 
not  only  on  the  pier  itself,  but  also 
on  the  superstructure,  whatever  it 
maybe.   If  the  wind  be  assumed  to 
be  blowing  in  the  direction  indicated 
by  the  arrow,  its  efiect  will  be  to 
take  a  part  of  the  weight  off  the 
column  I  h,  and  put  xi  onag  ;  that  is, 
assuming  the  pier  to  be  solidly 
braced  together.    Let  H  =  height 
of  pier,  and  B  =  breadth  of  base 
from  centre  to  centre  of  columns, 
W  =  load  virtually  removed  from 
A  to  ^,  P  total  pressure  of  the  wind 
on  the  pier,  including  that  on  the 
superstructure.  Let  H'  =  the  height 
to  the  centre  of  pressure  of  the  wind,  then  the  moment  of 
its  force  about  h  will  be  P  X  H',  and  the  extra  pressure 

•p  XT/ 

or  load  upon  g  will  be  W  =        '  and  this  must  all  pass 

through  the  bracing  bars.  I  shall  consider  the  bars  as 
attached  without  initial  strain. 

The  load  W  is  virtually  suspended  at  the  points  b,  d,  f, 
and  h,  one-sixth  of  it  being  taken  by  each  of  the  diagonal 
bracing  bars.  There  will  then  be  a  compression  onb  c,  d  e, 
f  g,  and  g  h,  and  tension  on  «  3,  «  d,  cf,  and  e  h.  If  the  height 
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of  the  pier  is  equally  divided  by  the  bays  of  bracing  there 
will  be  no  strain  on  c  d  and  e /,  because  the  tension  of  one 
diagonal  is  equilibrated  by  the  compression  of  the  follow- 
ing one,  for  if  the  pier  is  sufficiently  rigid,  we  may  assume 
the  tensions  and  compressions  on  the  diagonals  as  equal. 
Let  L  =  length  of  diagonal. 

TTT  X 

The  amount  of  strain  on  each  diagonal  will  be  —  X   

6      i  H 

TT^-    Calling  B' the  distance  between  the 

pins  of  the  diagonals  measured  horizontally,  the  strains 

"W      TV      P  TT'  Tl' 
acting  horizontally  wiU  be  ^-  ><yg=  2B  B.  '  ^ 

the  diagonals  are  not  carried  where  their  ends  meet  by  the 
same  bolt,  there  will  be  this  amount  of  shearing  strain  on 
the  column,  or  on  the  bolts  connecting  the  columns  if  a 
joint  occurs  at  that  place,  as  is  commonly  the  case. 

I  will  take  an  example  for  the  sake  of  illustration.  Let 
the  height  of  the  pier  be  30  feet,  the  distance  between 
the  centres  of  the  columns  8  feet,  the  diameter  of  each 
column  18  inches,  and  the  pressure  of  the  wind  40  lbs.  per 
superficial  foot,  which  is  about  what  should  be  taken  for 
calculation  in  England. 

Let  the  exposed  surface  of  the  superstructure  be  a  plate 
girder,  of  which  each  pier  carries  40  feet  in  length,  being 
5  feet  deep.  As  to  the  exposed  surface  only  one  plate 
girder  will  require  to  be  taken  as  being  so  close  together  that 
one  will  shelter  the  other  ;  if  lattice  girders  were  used,  the 
area  of  both  would  be  taken,  as  the  wind  will  blow  through 
one  upon  the  other,  and  for  a  similar  reason  it  will  be 
taken  as  blowing  upon  both  the  columns :  this  will  be  equal 
to  the  force  on  one  surface  1 8  inches  wide,  round  bodies 
offering  but  half  the  resistance  of  flat  surfaces.  The 
pressure  on  the  girder  will  then  be  40  x  5  X  40  =  8,000  lbs. 
at  a  mean  height  of  32-5  feet,  giving  a  moment  32-5  X 
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8,000  =  260,000  foot  lbs.     The  moment  of  the  -wind 

pressure  on  the  columns  will  be,  30  X  1-5  X  40  =  1,800  lbs. 

multiplied  by  the  mean  height  16  feet,  1,800  X  15  = 

.                T      .-u       1       f  w  260000  4-  27000 
27,000  ft.  lbs.,  making  the  value  of  W   g  ^  ^^^q 

=  16  tons,  of  which  one-sixth  goes  on  each  diagonal,  and 

W__16^_2.Qg  ^jQji^g    The  length  of  each  diagonal  will 
6  6 

be,  taking  B' =  6  feet,  11-66  feet;  hence  the  strain  on 
each  diagonal  =  2-66  X  =  3-108  tons.    If  there  are 

more  tiers  of  columns  besides  the  others,  so  as  to  make 
three  rows,  the  wind  strain  on  the  pier  will  be  greater  by 
the  additional  columns,  but  it  will  also  be  further  distri- 
buted through  the  additional  bracing.  Although  in  a 
small  structure,  like  that  taken  as  an  example,  the  strain 
does  not  amount  to  much,  yet  it  rapidly  increases  with  the 
height  of  the  work. 

The  horizontal  strain  is  2-66  x  —  =  1*6  tons,  tending  to 

slide  the  columns  on  the  joints.  If  a  bridge  be  carried  on 
piers  so  as  to  be  fixed  on  some,  and  loose  or  on  rollers  on 
others  (to  aUowfor  expansion  and  contraction),  and  suddenly 
the  brakes  be  applied  on  a  passing  train,  the  retarding  force 
must  act  upon  the  piers  to  which  the  girders  are  fixed,  and 
tend  to  rock  them  longitudinally ;  it  is  advisable  to  consider 
this  strain  in  addition  to  that  caused  by  the  wind  in  arrang- 
ing the  bracing  of  groups  of  columns  for  bridge  piers.  The 
amount  of  the  force  will  depend  on  the  efficiency  of  the 
brakes,  but  the  maximum  possible  force  will  occur  when 
the  wheels  are  suddenly  skidded  throughout  the  train. 
Let  the  weight  of  the  train  be  taken  at  200  tons,  and  the 
coeflacient  of  friction  of  the  wheels  on  the  rails  at  0-12, 
then  the  friction  of  the  whole  train  with  all  the  wheels 
skidded  will  be  200  x  0-12  =  24  tons.    So  that  if  there 
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were  in  the  grouping  two  columns  (as  Fig.  39)  under  each, 
line  of  the  rails,  the  strain  on  the  tracing  would  be  12  tons 
per  pair,  and  this  multiplied  out  as  before  gives,  taking' 

the  force  as  acting  at  the  top  of  the  pier,  W  = 


12  X  30 


=  45  tons.    Then  the  strain  on  each  diagonal  = 


WL 
2  H 


45  X  11-66 


2  X  30 
W  B'  _  45  X 


=  8-745  tons  J  and  each  horizontal  strain  = 


=  4-5  tons. 


2  H       2  X  30 

The  force  in  any  case  will  be  equal  to  the  weight  skidded 
by  the  coefl&cient  of  friction,  but  if  the  wheels  be  not 
skidded,  then  the  force  will  be  the  total  pressure  put  on 
the  brakes  multiplied  by  the  coefficient  of  friction  between 
the  brake  blocks  and  the  wheels.  Here  the  surfaces  of 
contact  give  a  better  hold  than  the  peripheries  of  the^ 
wheels  on  the  rails,  and  for  metal  brake  blocks  the  coeffi- 
cient of-  friction  will  be  0-25,  and  for  timber  brake 
blocks  0*5. 

The  floor  or  horizontal  bracing  does  not  readily  admit 
of  calculation  for  vibration  due  to  running  loads,  but  it 
does  when  the  bridge  is 

regarded   as  a  lattice  c^^P'  d\ 

girder  laid  on  its  side  to 
resist  the  lateral  force 
of  the  wind  blowing  on 
one  side  girder,  when 
each  girder  plays  the 
part  of  a  flange  in  resist- 
ing this  force. 

I  must  now  say  a  few 
words  about  solid  bracing,  or  solid  attachments  that  act  in 
the  place  of  bracing,  such  as  gusset  plates  and  stifleners. 
In  Pig.  40,  at  A  is  shown  the  attachment  of  a  main  girder 


Fig.  40. 
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in  cross  section  to  a  cross  girder,  stiffened  by  means  of  a 
gusset  plate  ah  c. 

Here  the  gusset  plate  acts  like  one  half  of  a  beam.  The 
wind  pressure  tending  to  overturn  the  girder  acting  in  the 
direction  of  the  arrow  will  bring  the  maximum  bending 
strain  upon  the  gusset  plate  at  or  about  the  line  of  section 
g  c,  the  strength  of  which  may  be  calculated  in  the  ordinary 
way ;  but  the  point  e  is  fixed  as  a  centre  of  moments,  and 
there  fixes  the  neutral  axis.  At  B  is  shown  a  stiffening 
arrangement,  consisting  of  a  tee  iron  only,  riveted  to  the 
web  of  the  girder,  and  turned  round  and  riveted  on  to  the 
top  of  the  cross  girder.  As  this  to  the  eye  does  not  look 
very  stiff,  I  will  take  a  practical  case,  and  calculate  the 

resistance  offered  to  the  wind. 
The  girder  is  8  feet  deep,  and 
"T      stiffened  by  tee  irons  6  inches 
on  the  back,  4  inches  on  the 
tf.--j?Jftjg_  i'^r     0.,J.,^  web,  and  f  inch  thick,  placed 

 g':  J  4  feet  apart ;  the  section  being 

Fig.  41.  shown  in  Fig.  41.  Regarding 

the  section  as  made  up  of  the 
central  part  e  e,  and  the  two  side  pieces  c  c,  and  taking  the 
direct  working  resistance  as  the  Board  of  Trade  allows, 
5  tons  per  sectional  square  inch  in  compression  and  tension, 
the  moment  of  resistance  about  a  a,  as  a  neutral  axis,  will 
be,  by  the  formula  given  in  a  previous  chapter, 

^  =  37^*  +  ^'  =  3^  (I  X  43  +  5-25  X  m  = 
20-8  inch  tons  for  each  tee  iron,  or  41-6  for  the  two.  Then 
dividing  by  the  height  of  the  centre  of  wind  pressure  48 
inches,  and  by  the  area  carried  by  each  pair  of  stiffeners, 
8  feet  X  4  feet,  and  reducing  to  lbs.,  the  effective  working 

41*6  V  2240 

resistance  of  the  pair  wiU  be   —  _  =  60-7  lbs.  vev 

48  X  8  X  4  ^ 

superficial  foot.    And  at  the  working  pressure  adopted  by 
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many  practical  engineers  of  3-5  tons  for  compression,  and 
4-5  tons  for  tension,  the  resistance  will  be  48-5  lbs.  per 
superficial  foot,  an  ample  allowance.  The  last  kind  of 
adventitious  bracing  to  which  I  shall  here  have  to  refer  is 
the  counterbracing  used  in  tied  arches,  and  although  as 
such  it  comes  properly  in  this  place,  the  student  may  miss 
it  until  he  has  mastered  the  theory  of  the  arch,  which  is 
dealt  with  in  a  subsequent  chapter. 

Let  Fig.  42  represent  a  tied  arch  carried  on  supports 
A  B,  A  e  B  being  the  arch,  A  o  B  the  tie  holding  the  abut- 
ments in  posi- 
tion, and  the 
load  being  on 
the  level  of  the 
tie,  and  carried 
by  the  sus- 
penders aj,  h  k, 
cm,  &c.  The 

counterbracing  is  formed  by  the  diagonal  bars  ah,  h j,  I m, 
ck,  &c.,  the  object  in  adding  these  to  the  structure  being 
to  aid  in  distributing  partial  loads  so  as  to  avoid  distortion 
of  the  arch.  We  find  here,  as  in  all  other  cases  of  adven- 
titious bracing,  that  its  duty  is  to  resist  the  forces  causing 
distortion.  Suppose  a  concentrated  load  to  be  at  m  carried 
up  to  c,  its  tendency  will  be  to  pull  down  and  flatten  that 
part  of  the  arch  about  b  to  e,  throwing  up  the  part  from 
ftoh;  but  the  elevation  of  /  will  immediately  bring  a 
tensile  force  on  fn,  which,  acting  upward  through  n  e,  will 
tend  to  support  the  point  e,  and  from  there  it  will  pass  on 
to  take  part  of  the  load  off  m  up  the  bar  m  e ;  the  bars 
being  all  ties,  e  o  and  c  n  are  not  brought  into  action. 

If  in  sen  arrangement  of  this  description  initial  tension 
is  put  on  the  diagonals,  there  must  be  initial  compression 
on  all  the  uprights,  and  the  result  of  this  will  be  that  when 
the  weight  comes  on  the  structure  the  first  part  of  it  will 
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be  taken  up  by  the  diagonals,  until  tbey  are  sufficiently 
elongated  to  let  out  the  compression  on  tbe  uprights,  which 
will  then  come  in  to  share  in  carrying  the  load.  The 
amount  of  strain  that  can  come  upon  the  counterbracing 
can  be  calculated  from  the  maximum  load  coming  on  the 
bottoms  of  the  bars. 

In  regard  to  braciag  generally,  it  is  very  evident  that 
great  care  should  be  taken  to  have  the  bars  of  correct 
length,  for  if  they  are  not  properly  proportioned  they  will 
be  useless,  and  perhaps  worse,  as  leading  to  a  feeling  of 
security,  and  thus  causing  strains  to  be  fearlessly  put  upon 
works  quite  inadequate  to  sustain  them. 

It  is  the  more  necessary  to  impress  on  the  mind  of  the 
reader  the  necessity  of  giving  particular  attention  to  the 
bracing  described  in  this  chapter,  because  there  exists  an 
inclination  in  some  to  regard  it  as  a  matter  of  guess-work 
(a  matter  of  practical  experience  they  wiU  perhaps  call  it), 
and  put  in  bars  without  obtaining  any  data,  or  making 
any  calculations  as  to  the  proper  quantities  of  material  in 
use. 

The  arrangement  of  the  bracing  in  relation  to  the  other 
elements  of  the  structure  must  also  be  considered  early  in 
the  progress  of  the  general  design.  We  must  not  go  on 
designing  the  girders  and  main  load-carrying  elements  in 
the  faith  that  the  bracing  can  afterwards  be  got  in  some- 
how, or  very  likely  we  may  find  there  is  not  room  enough 
or  convenience  of  form  to  make  suitable  and  workmanKke 
connections  between  the  bracing  and  the  principal  girders, 
and  a  patchy  joint  is  only  less  objectionable  than  one  joint 
that  requires  another  to  carry  it,  or  connect  it  with  the 
main  girders;  this  latter  contrivance  is  indisputable  evi- 
dence of  incompetence  or  gross  carelessness  on  the  part  of 
the  designer. 

I  have  thought  it  necessary  here  to  impress  the  impor- 
tance of  the  proper  disposition  of  these  joints,  but  the 
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methods  of  forming  these  will  be  fully  entered  upon  in 
the  subsequent  chapter  devoted  to  joints  of  all  descrip- 
tions. 

Where  the  bracing  bars  are  so  long  that  they  will  be 
liable  to  bend  by  their  own  weight,  they  may  be  stiflPened 
by  riveting  or  bolting  together  at  the  points  of  inter- 
section ;  but  in  short  bars  this  is  not  necessary,  and  should 
be  avoided  for  reasons  previously  given. 

Long  bars  acting  as  struts  must  be  regarded  as  columns, 
and  calculated  accordingly,  and  not  taken  as  exerting  the 
full  resistance  of  their  sectional  areae  to  the  crushing  force. 

And,  finally,  all  bars  used  for  bracing  purposes  should 
be  rigorously  examined  in  order  to  be  sure  that  they  are 
perfectly  straight^  which  ie  a  point  of  paramount  impor- 
tance. 


CHAPTEE  VI. 


DEFLECTION  AND  DISTORTION. 

The  determination  of  tlie  deflection  of  a  girder  is  not  a 
matter  that  is  very  satisfactorily  solved  by  calculation,  by 
reason  of  the  variations  of  the  modulus  of  elasticity,  for 
this  does  not  strictly  follow  the  law  generally  accepted, 
and  is  not  constant  for  all  intensities  of  strain. 

It  was  found  in  a  series  of  experiments  on  the  elasticity 
of  east-iron  bars  1  inch  square  and  10  feet  long,  tinder 
tensile  strains  ranging  from  0*47  to  6*6  tons,  the  modulus 
of  elasticity  ranged  from  14,050,320  lbs.  to  9,549,120  lbs. ; 
there  was  permanent  set  from  the  second  load  0-7  ton,  so 
the  elasticity  appeared  to  be  injured  at  as  light  a  strain  as 
that,  and  keeping  within  the  bounds  of  the  extreme  load 
permitted  in  practice,  we  find  with  a  load  of  2 -82  tons  per 
square  inch  a  modulus  of  13,166,300  lbs.,  the  modulus 
decreasing  rapidly  with  an  increase  of  strain.  In  com- 
pression the  modulus  of  elasticity  was  at  0*92  ton, 
13,214,400  lbs.,  and  at  16-56  tons,  10,836,480  lbs. 

In  twenty  experiments  on  wrought-iron  bars  the  modulus 
of  elasticity  varied  from  29,119,800  lbs.  at  0-56  ton  per 
square  inch,  to  26,335,080  lbs.  at  11-26  tons. 

From  these  figures  it  is  evident  that  not  only  does  the 
modulus  vary  with  the  load,  but  also  that  it  is  not  the 
same  for  tension  and  compression. 

In  Fig.  43,  let  A  B  represent  a  portion  of  a  bent  beam, 
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the  dotted  line  showing  the  neutral  axis,  and  0  being  the 
centre  of  curvature  from  a ;  draw  a  f  parallel  to  h  e,  then  e f 
is  the  extension  of  the  fibre  e  c.    By  similar  triangles  0  a 

is  to  «  5  as  a  e  is  to  e /.    Let  -  =  depth  e  «,  E  =  modulus 

of  elasticity,  s  —  strain  per  square  inch  on  fibre  e  c,  and  E 
=  radius  of  curvature  at  e. 

d 

0  a  ae 

ab      ef'\  « 
E 

If  the  strain  be  uniform  throughout  the  length  of  the 
girder,  then,  the  radius  of  curvature  is  constant,  and  the 
deflection  at  any  point  is  ^  ^ 

obtained  from  the  ordi- 
nary rule  thus :  — L et  e ^  be 
a  tangent  to  the  circle  at 
e,  then  to  find  g  h  we 
have — 


E  2  ,  -D  <^E 
^=-andE=2-g-. 


gh  = 


^9 


Fig.  43. 


2E' 

which    is    accurate  to 
within    a  very  trifling 
error  not  noticeable  in 
practice.  The  proof  of  this  will  be  found  in  any  elementary 
work  treating  of  the  properties  of  the  circle. 

Applying  this  to  girders  having  uniform  strain  through- 
out, where  I  =  span  of  girder,  and  d  =  depth,  c  strain  on 


top  flange,  and  ^  =  do. 

D  =  deflection  at  centre, 
ported  at  the  ends, 

P 

2E  2E' 


on  bottom  flange,  eg  gk  = 
Supposing  the  girder  to  be  sup- 


c  +  t 


SdE 
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Here  c  +  t  =■  2  s ;  and  similarly  for  a  cantilever,  D  = 
2.  d.E.' 

In  practice  it  is  seldom  such  a  condition  can  be  found, 
and  if  the  sectional  area  and  moment  of  resistance  vary,  so 
will  the  radius  of  curvature ;  so  it  is  advisable  to  see  in 
what  way  the  deflection  varies,  and  then  to  fill  in  constants 
from  experiment. 

Eeturning  to  the  first  equation,  B  =  —g,  and  including 

all  terms  except  the  load  and  known  dimensions  in  the 
constant  a,  to  be  determined  by  experiment,  we  find — 

Ii  =  ai  D  =  -^=-^=-^=a'  — ;  but  «  at  the 
«'  8  E     Sad     Sad        d  ' 


centre  varies  as   —-   for  solid  rectangular  beams,  or  = 
0  d 

d'  I)  =  a'-xal']^  =  d"         in  which  the  value 

bd^  d        0  d^  0  d^ 

of  d"  must  be  filled  in  from  experiment. 

Where  the  section  of  the  beam  is  not  a  solid  rectangle,  h 
is  to  be  replaced  by  h  d^,  V  d'^  .  .  .     <Z"^  as  in  the  deter- 
mination of  moments  of  resistance ;  let  this  quality  =  m. 

For  iron  of  good  quality,  we  find  the  following  formulae 
by  filling  in  the  value  of  d"  from  experiments  : — I  =  span 
in  feet,  W  =  load  in  tons,  h  and  d  =  breadth  and  depth  in 
inches,  D  =  deflection  in  inches. 

W  P  • 

Cast  Iron. — Girder  loaded  at  the  centre,  D  =  ~ — ' 

14  m 

loaded  uniformly  over  its  length,  D  =   Canti- 

8  W 

lever  loaded  at  the  free  end,  D  =   ;  loaded  uni- 

7.  m 

formly  over  its  length,  D  ■=  . 
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Weotjght  Iron.— Girder  loaded  at  the  centre,  D  = 

rr^  ;  loaded  uniformly  over  its  length,  D  =  —  ' 

2%.  m  S    '  44-8.  m. 

Cantilever  loaded  at  the  free  end,  D  =  l^Zil  •  loaded  uni- 

7  m 

fonnly  over  its  length,  D  =  ^ 

14.  m. 

This  is  for  sound  wrought  iron,  such  as  square  bars  or 
sound  forgings.  The  roUed  iron  shows  much  greater  de  - 
flection when  beam  and  H  sections  are  reached,  and  this 
may  be  due  to  the  fact  that  for  complex  sections  the  iron 
must  be  softer  to  enable  it  to  follow  the  form  of  the  rolls. 
For  rolled  girder  we  find — 

Central  load,  D  =         ;  uniformly    distributed  load, 
18 »»  ' 

29.  m. 

Very  great  variations  may  he  expected  in  riveted  work ; 
but  the  following  expressions  are  taken  from  samples  of 
good  ordinary  work,  taken  within  working  limits,  the 
girders  having  the  plates  distributed  so  as  to  approximate 
as  nearly  as  possible  to  uniform  strain  per  sectional  square 
inch,  the  strains  varying  from  3  to  5  tons  per  square  inch. 

Single  web  plate  girder,  loaded  at  the  centre,  D  = 

16.  m 

loaded  uniformly^  D  =  -  . 

25.  6.  m. 

The  double  web  plate  girders  come  up  to  the  rolled 
beams  given  above. 

Framed  structures  will  distort  under  strain,  and  in  fact 
a  lattice  girder  may  be  said  to  deflect  as  a  whole,  though 
none  of  its  elements  are  under  bending  stress  ;  from  the 
shortening  and  lengthening  of  the  bars  composing  the 
triangles  the  distortion  may  be  determined. 

As  I  have  observed  above,  the  formulae  for  deflection  are 
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not  practically  of  much  use,  for  although  the  constants 
may  be  determined  for  bars,  yet  they  cannot  be  made  to 
include  all  the  varied  conditions  of  material  and  manufac- 
ture ;  they  are  therefore  chiefly  of  use  for  purposes  of 
comparison,  and  to  enable  us  to  determine  the  requisite 
proportions  of  combined  girders  in  a  structure,  for  if  one 
sort  of  iron  is  being  used  throughout  a  structure,  or  a 
series  of  structures,  the  coefficient  of  deflection,  whatever 
it  is,  should  be  the  same  for  all;  that  is  to  say,  its  variation 
should  not  exceed  the  limits  of  variation  for  differences  of 
strain,  and  as  presumably  all  parts  of  the  work  will  be 
calculated  to  undergo  the  same  strain  per  square  inch,  the 
coefficient  of  deflection  will  become  practically  constant  for 
the  structure  under  consideration. 

It  is  the  practice  to  make  girders  slightly  arched,  or 
cambered,  in  order  that  when  loaded  they  may  not  deflect 
below  the  horizontal  line,  which  would  give  a  very  under- 
sirable  appearance,  and  the  amount  of  camber  allowed  is 
1  inch  to  every  40  feet  of  span,  which  in  all  ordinary  cases 
will  be  found  to  be  ample.  Suppose  a  girder  to  be  strained 
on  top  and  bottom  flange  to  5  tons  per  square  inch,  and 

take  E  =  7,000  tons,  and  d  =  j^;  then  D=    ^  ^  = 

10.  ?  (5  +  5)  __  J_       ^^Q^^  1  ij^ch  to  47  feet.    It  is. 

8  X  7000  560' 
however,  very  seldom  that  the  deflection  amounts  to  any- 
thing like  this  amount. 
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In  the  iron  arch  properly  designed  there  exists  only  one 
kind  of  strain,  compression,  but  the  arch  must  be  of  such 
a  form  that  the  line 

of  strain  lies  wholly  ■     '  ^ 

within  the  depth  of 
the  arch,  so  in  the 
first  place  the  mode 
of  determining  the 
correct  shape  must 
be  set  forth.  The 
thrust  at  the  crown 
will  be  found  from 
a  formula  demon- 
strated in  a  previous 
chapter,  showing  that 
the  tangential  strain 
on  a  circle  or  circular 
arc  at  any  point  is 
equal  to  its  radius  at 
that  point  multiplied 
by  the  radial  pressure 
at  the  same  point.  At  the  crown  of  an  arch  the  tangential 
thrust  is  evidently  horizontal,  and  the  load  at  that  point 
acting  vertically,  acts  at  right  angles  to  the  tangent,  and 


Fig.  44. 
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therefore  radially.  Let  E.  =  tlie  radius  of  the  arch  in  feet, 
and  w  =  the  load  per  (horizontal)  lineal  foot  on  the  arch, 
then  if  T  =  the  thrust  at  the  crown,  T  =  X  R-  Let 
Fig.  44  represent  half  an  arch,  and  suppose  the  length  to 

be  divided  up  into  parts,  each  equal  to  ~,  where  I  —  the 

span  ;  let  also  v  =  the  rise  at  the  centre  above  the  spring- 
ings.    The  load  on  each  of  the  longitudinal  divisions  will 

be  ^  •     Let  E  =  /  X  -6,  then  ^the  thrust  T  =  -6  I. 

Through  the  centres  of  gravity  of  the  loads        draw  the 

vertical  lines  a  W,  h  W,  &c. 

The  direction  of  the  horizontal  thrust  at  the  crown  A  is 
shown  by  the  arrow  T.  Produce  the  arrow,  and  from  a, 
where  the  produced  line  intersects  a  W,  mark  off  to  scale 
the  horizontal  thrust.    This  will  be  seen  better  on  the 

enlarged  sketch  0.    Make  a    =  T,  and  «/  =  ^  or  W ; 

complete  the  parallelogram  adef,  then  e  will  be  a  point  in 
the  curve  of  strain.    Join  a  e,  and  produce  it  to  intersect 

J  W  in  C ;  make  hg  —  ae,  and  hiz=i       or  W, ;  complete 

the  parallelogram  hghi,  then  h  will  be  another  point  in  the 
curve ;  produce  h  h  to  intersect  c  Wg  in  c,  make  cj  —  hh,  com- 
plete the  parallelogram  cjh  I ;  Ic  will  be  a  third  point  in  the 
curve,  and  similarly  other  points  are  to  be  found  imtil  the 
abutment  B  is  reached,  and  through  these  points  the  line 
of  thrust  is  to  be  drawn,  and  the  arch  so  proportioned  as 
to  enclose  it.  If  the  load  is  not  uniformly  distributed, 
then  W,  Wj,  Wg,  &c.,  must  be  made  to  agree  with  the 
respective  loads  for  each  part. 

In  designing  an  arch,  all  the  different  loads  coming 
upon  it  should  be  taken,  and  the  lines  of  thrust  worked 
out,  and  then  the  arch  laid  on  so  as  to  include  them  all. 
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finishes,  a  e'^  =  a  d"  +  d e-;  hut  a  d  =T,  de  —  cif  =W.  Let 


The  loads  are  partly  equalised  on  the  arch  by  the  memhers 
through  which  they  pass  in  coming  on  to  it.  From  a 
property  of  the  right-angled  triangle,  viz.  that  the  square 
of  the  hypothenuse  is  equal  to  the  sum  of  the  squares  of 
the  sides  enclosing  the  right  angle,  an  expression  is  found 
which  will  give  the  thrust  at  any  point  distant  x  from  the 
crown  of  the  arch.  In  the  triangle  ade,  ad  is,  horizontal, 
de\&  vertical,  or  at  right  angles  to  a  d,  and  ae\^  the  thrust 
at  a  point  midway  between  a  and  I,  where  the  first  length 
l_ 
20 

ae  —  t  —  thrust  at  point  distant  x  from  the  crown,  be 
tween  which  and  the 
crown  is  the  load  W, 
then  we  have  = 
T%+  W^  and  t  — 
^T^q-W^  Fig.  45 
shows  a  diagram  in 
which  the  thrust  at 
the  abutment  is  ob- 
tained  without  fol- 
lowing the  intermediate  points.  The  load  is  uniformly 
distributed,  then  the  centre  of  gravity  of  the  half  arch 

and  load  will  be  at  ^  from  the  crown,  and  making  the 

thrust  T  =  and  ad  —  Yl  (half  arch),  and  completing 
the  parallelogram  alcd,  c  will  be  the  centre  point  of  the 
abutment,  and  ad=^W  =v.    Let       =  the  total  weight 

on  the  arch,  then  ad=hc=:l--=  th.e  vertical  component 
of  the  reaction  of  the  abutment,  and  T  =  <^  5  =  ^  ;  or  by 


h            a  ^  1 

<^  S 

/cj  d 

K..  — J-  ^ 

 ^ 

proportion,  T 


I 


T  - 


which  is  the 


4'  '  ~2  8 « 

same  strain  as  would  occur  at  the  centre  of  the  top  flange 

V  9. 
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of  a  girder  of  span  equal  to  the  arch,  and  having  a  depth 
equal  to  the  rise  of  the  arch.  From  this  the  thrust  at  the 
abutment  is  found  : — 

The  stability  of  the  abutment  will  be  treated  herein- 
after, but  when  the  abutments  are  held  by  a  tie,  the  ten- 
sion on  that  member  will  require  to  be  determined,  and 
this  case  will  now  be  considered. 

Fig.  46  represents  a  tied  arch  resting  upon  two  supports, 
A  and  B.  In  this  mode  of  construction  the  ends  of  the 
arch  are  fixed  to  metal  abutments  as  shown,  which  abut- 
ments are  prevented  from  spreading  by  the  horizontal  tie 


Fig.  46. 


i  Ji.  Let  c  dhQ  the  direction  of  the  resultant  thrust  on  the 
abutment ;  this  must  be  resolved  vertically  and  horizontally 
— the  latter  for  the  strain  on  the  tie.  Let  e  g  represent 
the  thrust  on  the  abutment,  complete  the  parallelogram 
efgi,  then  fe  or  g  h  will  equal  the  horizontal  pull  on  the 
tie. 

But  referring  back  to  Fig.  45,  it  is  seen  that  the  hori- 
zontal component  of  the  thrust  on  the  abutment — that  is, 
ah  ox  d c — is  the  strain  at  the  crown  of  the  arch ;  hence 
the  tension  of  the  tie  is  equal  to  the  thrust  at  the  crown  of 

-  the  arch  =  ^  \ 

If  the  rise  of  the  arch  and  its  span  be  given,  the  eorre- 
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sponding  radius  at  the  crown  can  be  determined  by  eqiiat- 

W  / 

mg  the  two  formulse  for  thrust  at  the  crown  thus :  -7; —  = 

M>  X  E,  but  W  =     Z;  "^--l  =  «; E     E  =  -. .    If  the 

Sv  8  V 

arc  were  circular  the  radius  would  be  =      + ,  according 

to  the  properties  of  the  circle ;  the  are  we  have  is  a  para- 
bolic arc,  of  which  the  crown  is  the  vertex. 

The  roadway  may  be  carried  either  above  or  below  the 
arch,  the  former  being  the  most  usual  for  arches  with 
free  abutments,  the  latter  for  tied  arches.  In  either  case 
the  road  girder,  or  the  elements  transmitting  the  load 
to  the  arch,  should  be  sufficiently  rigid  to  distribute  con- 
centrated loads,  so  that  no  undue  distortion  of  the  arch 
occurs.  The  amount  of  rigidity  requisite  will  depend 
upon  the  ratio  of  the  live  or  moving  loads  to  the  dead 
weight  of  the  structure;  the  greater  the  latter  is  in 
proportion,  the  less  will  be  the  disturbing  influence  of  the 
former. 

We  must  now  consider  more  particularly  the  effects  of 
unequal  loading  upon  the  arch.  The  principle  of  moments 
may  be  applied  to  the  calculation  of  the  thrusts  in  this 
case,  the  same  as  it  has  been  to  the  strains  in  those  fore- 
going. I  will  first  apply  it  to  test  the  formula  for  the 
thrust  at  the  crown. 

Under  a  uniform  load  the  centre  of  gravity  of  the  half- 
arch  will  be  ~,  from  the  nearest  abutment,  and  the  vertical 
reaction  of  the  abutment  (the  vertical  component  of  the 
thrust  on  the  abutment)  will  be       acting  at  a  horizontal 

distance  ^  from  the  crown.  The  vertical  distance  of  the 
crown  from  the  abutment  ^is  v ;  hence  we  have  for  the 
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moment  of  strain  —  X  —  —  —  X  - 
2      2      2  4 

moment  of  resistance  T  x  v. 

to  P     m  w 


''1;    for  tlie 


T^;  =  — 


the  same  as  above,  with 


the  negative  sign  showing  the  character  of  the  strain ;  that 
is,  compressive  on  the  top  member. 

Let  Fig.  47  represent  the  curve  of  thruat  on  an  arch 
loaded  only  with  its  own  weight  and  the  dead  weight  of 
the  roadway,  and  let  this  be  2  tons  per  lineal  foot;  the 
span  80  ft.,  and  the  rise  20  ft. ;  then  the  horizontal  thrust 

at  the  crown  will  be       =  80  tons.    Let  a  load  W  = 

8  V 

5  tons  come  upon  the  arch  at  a  point  midway  between  the 


Fig.  47. 

abutment  A  and  the  crown  or  centre.  The  virtual  crown 
of  the  arch  will  not  now  be  at  the  centre,  and  we  must 
find  its  position,  which  will  be  at  some  point  where  the 
two  parts  of  the  structure  exhibit  equal  positive  moments 
about  the  abutments.    The  moments  about  A  will  be,  if 

the  point  required  be  distant  y  feet  from  A,  ^^^^  + 

and  the  moment  about  B  will  be  w  {I  —  y)  X  ^-^-^  =  ^ 

2  ^ 

{l?-2lyAr  y~) ;  equating  these,        +       =  ^{r'-2ly 


+  f-);  r  +  100  =  6400  -  1(50  y      f;  y.,y  = 


6300 
160 
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39-375  ft.  :  tliis  is  where  the  horizontal  components  are 
equal. 

Takrag  now  the  moments  ahout  this  point,  the  horizontal 
thrust  will  be  found.  Let  v  =  the  rise  at  this  point ;  as  it 
is  so  near  the  crown,  in  this  case  it  may  he  taken  as  20  ft. 

The  reaction  on  B  wiU  he  ^  +  ^  =  80  +  1-25  =  81-25. 

2  4 

The  weight  of  structure  hetweenB  and  the  virtual  crown  is  w 

X  40-625=81  -25,  and  this  acts  at  a  mean  distance  20-3125  ft. 

TV  .X.  ^  •  81-25  X  20-3125  —  81-25  X  40-625  _ 
Hence  the  thrust  is,  —  

1650-39  -  3300-78  ^  _  3^.52  (nearly). 
20  \JJ 

In  the  enlarged  diagram,  Fig.  48,  is  seen  the  amount  of 
distortion  at  the  point 
tinder  W,  and  at  a  cor- 
responding point  in  the 
other  side  of  the  arch 
due  to  the  load  W.  a 
is  the  centre  of  the  arch,  pig_  43. 

and  h  the  crown  dis- 
placed ;  then  c  c  is  the  curve  of  strain  due  to  the  uniform 
load,  and  dd     the  distorted  curve  due  to  the  presence  of 
W.  The  curve  is  depressed  under  the  load  W,  and  elevated 
on  the  opposite  side  of  the  arch. 

It  seems  advisable  to  insert  the  general  equation  of 
which  we  have  worked  out  this  example. 

Let  z  =  distance  of  W  from  abutment  A,  the  other  nota- 
tion remaining  as  we  have  it  above  ;  then — 

After  the  curves  of  strain  due  to  the  extreme  loads  have 
been  determined,  and  the  rib  so  proportioned  as  to  include 


104 


MATERIALS  AND  CONSTRUCTION. 


them  all,  it  only  remains  to  adopt  sectional  arese  in 
accordance  with  the  thrusts  coming  upon  the  different 
sections  of  the  arch.  Extending  the  above  example,  where 
it  was  found  that  under  the  uniform  load  the  thrust  at  the 
crown  was  80  tons,  we  find  that  the  thrust  at  the  abutment 
will  be — 

t  =  V(80f+(807  =  V12800  =  113-13  tons. 
Iron  ribs  are  liable  to  expansion  and  contraction  (the 
same  as  girders)  under  changes  of  temperature,  and  this 
occasions  also  change  of  form.  In  order  to  meet  the  re- 
quirements of  the  altering  inclination  of  the  ends  of  the 
arch,  the  faces  of  the  abutments  have  been  in  many  cases 
made  curved;  in  some  a  convexly  rounded  end  is  sup- 
ported in  a  concave  abutment ;  in  others,  a  slightly  con- 
cave end  rests  on  a  slightly  convex  abutment,  the  radii 
being  different;  but  this  arrangement  has  the  disadvantage 
of  giving  only  a  narrow  band  of  bearing  surface,  and 
rendering  the  structure  more  liable  to  vibration  than  when 
a  more  ample  bearing  surface  is  provided.  There  is  also 
some  alteration  of  form,  accompanied  by  a  movement  on 
the  bearing  surfaces,  when,  under  the  influence  of  a  load, 
the  arched  rib  shortens  under  the  compressive  strain,  and 
the  radial  end  surfaces  approach  more  nearly  the  vertical 
position. 


CHAPTEE  YIII. 


SUSPENSION-BEIDGES. 

In  Eig.  49  is  sliown  the  general  form  of  a  suspension- 
bridge  at  A  E.  A  B  C  D  E  is  tlie  main  chain,  to  which,  the 
road  girders  are  attached  by  the  vertical  suspending-rods ; 
the  main  chain  is  securely  fastened  at  A  and  E,  and  passes 


B  D 


h     db  f  I  j 


Fig.  49. 

over  saddles  or  rockers  on  the  towers  or  piers  B  G  and 
DH. 

Let  a  h  represent  a  part  of  the  chain  enlarged,  a  being 
the  central  or  lowest  point,  and  h  m  a  portion  of  the  road 

F  3 
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girder,  carried  on  the  suspension-rods  c  d,e  f,  gh,  &c.  Tlie 
strain  at  a  may  be  calculated  by  a  formula  similar  to  that 
used  for  the  crown  of  the  arch,  the  only  difference  being 
that  the  chain  is  in  tension  and  the  arch  in  compression. 
If  then  I  =  the  span  in  feet,  v  the  fall  of  the  chain  at  the 
centre,  w  the  load  per  lineal  foot,  and  T  the  horizontal 

tension  at  a,  T  =^^.    On  the  horizontal  line  c  a  mark 
'         8  V 

oflP  c  w  =  T,  and  on  the  vertical  line  c  d  mark  off  c  o  equal 
to  the  load  on  the  rod  c  d ;  complete  the  parallelogram  npoc, 
then  p  c  will  be  the  strain  resulting  from  T  and  c  o,  and  its 
direction  will  be  that  proper  for  the  link  following  a  c  \ 
produce  p  oio  e,  the  head  of  the  next  suspension-rod,  and 
make  e  q  —  c  p.  Make  er  ■=.  the  load  on  the  rod  e  f;  com- 
plete the  parallelogram  qsre;  then  s  e  wiU  be  the  tension 
on  and  direction  of  the  link  eg,  and  in  like  manner  the 
tensions  and  directions  for  the  remaining  links  may  be 
found.  The  horizontal  strain  must  in  the  first  place  be 
found  from  the  general  load,  in  a  manner  precisely  analo- 
gous to  that  employed  in  the  case  of  the  arch. 

It  is  to  be  noticed  that  at  the  piers  where  the  chain 
passes  over  a  saddle  or  rocker  the  tension  is  equal  on  both 
sides  of  the'pier,  being  unaltered  by  the  change  of  direction, 
the  same  as  when  a  strained  rope  passes  over  a  pulley. 

There  being  no  rigidity  in  the  chain,  it  will  alter  its 
form  so  as  to  suit  its  centre  line  to  every  variation  of  load  ; 
hence  the  suspension-bridge  is  intrinsically  unstable.  To 
render  such  a  structure  practically  satisfactory,  some 
means  must  be  adopted  to  distribute  the  load  as  far  as 
possible  in  a  uniform  manner;  a  stiff  roadway  girder  at 
h  m  wiU  effect  this,  and  it  is  also  facilitated  by  using  two 
chains,  one  above  the  other,  and  attaching  the  head  of  the 
suspension-rod  to  a  saddle-plate  resting  on  the  two  chains, 
as  shown  at  Fig.  50.  a  is  the  head  of  the  suspension-rod, 
joined  by  a  pin  to  the  lower  part  of  the  triangular  saddle- 
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plato,  of  which  one  of  the  upper  corners  is  carrieu.  on  the 
pin  h  of  the  lower  chain,  and  the  other  is  held  by  a  pin  c 
resting  on  the  upper  chain.  The  next  suspension-rod  will 
have  its  saddle  carried  by  one  of  the  ordinary  pins  of  the 
upper  chain,  and  by  a  pin  resting  on  the  lower  chain.  One 
saddle-plate  must  not  be 


pinned  to  hoth  chains,  as 
that  would  interfere  with 
their  adapting  themselves  to 
varying  loads,  and  so  lead  to 


vibration  and  distortion  of 
the  suspending-rods.  As  an 
arch,  instead  of  being  sus- 
tained by  solid  abutments,  -pj^ 
may  have  the  thrust  at  the 

haunches  opposed  by  a  tie,  so  the  pull  of  the  chains, 
instead  of  passing  away  to  anchorages  at  the  ends,  may  be 
opposed  by  a  strut  or  horizontal  compression  member 
passing  from  B  to  D  (Fig.  49),  and  in  that  case  the  strain 
on  such  strut  wiU  be  equal  in  intensity  to  the  horizontal 
tension  on  the  chain. 

Also  the  arch  and  chain  may  be  combined,  as  in  the 
Albert  Bridge  at  Saltash,  the  parts  of  the  structure  being 
so  proportioned  that  the  thrust  of  the  arch  is  met  and 
balanced  by  the  pull  of  the  chain. 

The  roadway  may  be  above  or  below  the  chain,  but  is 
usually  placed  in  the  latter  position. 

Many  varieties  of  suspension-bridges  have  been  designed 
with  the  view  of  obtaining  a  structure  more  inherently 
stable  than  the  ordinary  form,  and  one  of  the  most  strik- 
ing of  these  is  what  we  may  call  the  half-chain  bridge, 
invented  some  years  since,  and  possessing  many  features 
to  recommend  its  adoption,  although,  probably  from  its 
being  but  little  known,  it  does  not  appear  to  have  come 
into  use,  at  least  in  this  country. 
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In  Pig.  51,  tills  arrangement  of  chain  is  shown  in  eleva- 
tion at  A,  and  in  plan  at  B.  The  lower  ends,  I  and  d,  of 
the  semi-chains  are  secured  to  the  lower  parts  of  the  towers 
over  which  the  upper  ends  pass,  being  anchored  in  the 
ordinary  way.  In  this  system  it  is  also  to  be  noticed  that 
the  chains  do  not  hang  in  vertical  planes,  the  lower  ends 


being  brought  closer  to  the  centre  of  the  roadway  than 
the  upper ;  and  this  secures  more  stability,  as  it  throws  the 
suspension-rods  out  of  the  vertical,  as  shown  in  the  cross 
section  at  C,  where  s  and  t  are  the  upper  and  u  and  v  the 
lower  chains,  s  lo  and  t  z  being  the  suspension-rods.  In 
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the  ordinary  suspension-bridge  witli  vertical  rods,  if  by 
any  force  the  structure  is  caused  to  vibrate  laterally,  there 
is  merely  its  own  weight  to  resist  such  vibration,  but  in  the 
section  here  shown  any  lateral  movement  causes  the  strain 
on  one  side  rod  to  become  greater  than  that  on  the  other 
opposite  it ;  hence  a  strong  tendency  to  resume  its  normal 
position.  The  angular  disposition  of  the  rods  wiU  bring 
upon  them  strains  greater  than  the  load  in  the  ratio  of 
their  lengths  to  their  vertical  heights,  and  this  will  lead  to 
a  lateral  stress  on  the  chains,  tending  to  overturn  the  piers 
inwards,  therefore  they  must  be  held  in  position  by  struts 
connecting  the  tops  of  the  opposite  towers. 

e  f  represents  our  semi-chain,  with  its  suspension-rods 
h  i,  j  k,  &c.  The  strains  will  be  the  same  as  on  the  half  of 
a  complete  chain  of  the  same  form  and  fall,  its  span  being 
double  that  of  the  semi-chain.  In  this  bridge,  as  con- 
structed, the  road  girder  was  not  continuous,  but  consisted 
of  a  series  of  short  longitudinal  girders  equal  in  length 
to  the  distance  between  two  suspension-rods ;  and  this  to 
avoid  the  vibratory  wave  sent  forwards  in  a  continuous  road 
girder  by  the  rising  of  that  girder  in  the  bay  next  in  front 
of  that  on  which  the  load  is_^ entering ;  but  the  discontinuous 
arrangement  has  this  disadvantage,  that  it  does  not  distri- 
bute the  load  over  several  suspension-rods,  as  does  the 
rigidly  continuous  road  girder. 

It  is  obvious  that  the  semi-chain  wiU  be  much  less  liable 
to  continued  pendulous  vibration  than  the  complete  chain, 
and  from  its  position,  lying  as  it  does  in  an  inclined  plane, 
it  will  have  on  it  an  initial  strain,  which  is  of  great  service 
under  lateral  disturbance ;  for  if  it  be  supposed  that  the 
platform  is  thrown  aside  until  the  suspension- rods  occupy 
the  positions  shown  by  the  dotted  lines  5  w',  t  there  is 
evidently  a  great  effort  on  the  part  of  the  rod  s  w'  to  swing 
back  with  its  load  into  the  normal  position,  while  at  the 
commencement  of  such  return  there  is  no  resistance  offered 
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to  it  from  the  side  2',  althougli,  as  tlie  platform  approaches 
its  proper  place,  the  rising  of  the  end  z'  of  the  rod  t  z  checks 
the  onward  vibration  of  the  platform.  In  the  ordinary 
bridge  the  suspension-rods  appear  to  act  like  two  isochro- 
nous pendulums  connected  by  a  Hnk. 

Before  leaving  this  subject  I  must  mention  the  anchorage 
of  the  main  chains.    The  chain  e  d,  Tig.  52,  maybe  carried 


Fig.  52. 


over  a  saddle,  and  so  brought  into  a  vertical  direction,  and 
passing  below  the  ground  line  a  h,  be  anchored  beneath  a 
mass  of  masonry  e  /,  the  weight  of  which  should  be  at 
least  twice  the  maximum  strain  that  can  be  put  upon  the 
chain. 

In  another  arrangement  the  chain  is  anchored  behind  a 
mass  of  masonry,  as  shown  at  i  k,  g  h  being  the  ground 
line.  In  this  case  the  stabihty  of  the  masonry  is  relied 
upon ;  in  both  cases  the  work  must  be  so  executed  that  the 
masonry  behaves  as  if  it  were  one  solid  mass  :  the  method 
of  executing  this  part  of  the  work  will  find  its  place  in  the 
chapter  on  Eoundations. 


CHAPTEE  IX. 


COLUMNS  AND  STEUTS. 

The  conditions  under  whicli  materials  yield  and  fail 
vvlien  subjected  to  compressive  force  are  very  various,  and 
they  have  not  been  sufficiently  ascertained  to  enable  a 
rational  theory  of  resistance  to  compression  to  be  formed  : 
hence  empirical  formulae  form  the  only  resource.  By  empi- 
rical is  meant  a  formula  deduced  directly  from  experiment, 
the  laws  of  variation  as  well  as  the  constants  being  obtained 
therefrom.  As  might  be  expected,  the  results  so  obtained 
are  not  so  satisfying  to  the  thoughtful  mind  as  those 
derived  from  a  combination  of  pure  reasoning  and  experi- 
ment ;  but  still  in  the  absence  of  the  latter  we  must,  until 
more  light  shall  be  thrown  upon  the  subject,  be  content 
to  put  up  with  the  former. 

Under  certain  known  conditions  the  stress  may  be  cal- 
culated, as  for  instance  when  a  force  acts  rectilineally  on 
a  curved  member,  and  passing  outside  its  section,  gives  rise 
to  a  bending  moment.  It  may  be  interesting  to  examine 
the  effects  of  loads  on  straight  elements,  assuming  that  tlmj 
will  lend  under  the  superimposed  load. 

Let  there  be  a  bar  3  feet  6  inches  long  and  1  inch 
square  placed  horizontally  on  supports  3  feet  apart, 
and  loaded  at  the  centre  with  0-2  ton  ;  then,  according 
to  the  formulae  in  a  former  chapter,  if  the  bar  be  of 
cast  iron  its  deflection  under  this  transverse  strain  will  be, 
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-^_'W  P  _-2  X  S""  _  Q.ggg  .^pj^  ^j^g  moment  of 

14.m      14  X  1 
strain  of  the  load  producing  this  deflection  wiU  be  M  = 

"W"-^  __  2  X  3  _  .jg  £qq^  ^Qj^g_    ;p2j^g  central  moment  of 

4  4  _ 

strain  due  to  a  force  acting  on  the  ends  will  be  equal  to 
the  intensity  of  the  force  multiplied  by  the  central  deflec- 
tion, or  W  D  if  W  =  the  force  on  the  end.  To  find  then 
the  end  load  to  produce  a  central  moment  equal  to  the 
above,  the  two  expressions  must  be  equated,  giving  M  = 

•15  =  W  D  =  W  X  .•.W=  4-67  tons.  Thisload, 

though  acting  compressively  in  direction,  produces  both 
tension  and  compression  on  the  bar,  and  the  tensile  resist- 
ance wiU  be  the  measure  of  strength  of  the  bar,  taking 
half  the  moment  as  being  upon  half  the  section  ;  that  upon 
the  half  in  tension  is  0-075  ft.  ton,  or  0-9  inch  ton.  The 
maximum  tensile  strain  will  be  found  by  inverting  the 

expression  M  =  ;  thus  s  =  -       =  10'8  tons,  which 

would  exceed  the  strength  of  ordinary  cast  iron,  unless 
the  resistance  of  flexure  is  included  (as  explained  in  the 
chapter  on  Bending  Stress),  including  which  the  tensile  re- 
sistance, as  found  from  the  ultimate  moment  8,000  inch  lbs., 
becomes  48,000  lbs.  per  square  inch,  or  21-4  tons  per 
square  inch. 

The  deflection,  however,  wiU  not  be  of  the  same  character 
under  compression  by  direct  and  transverse  stress  in  re- 
spect to  the  moment  of  strain  at  any  part ;  under  the  latter 
the  strain  commencing  at  each  point  of  support  increases 
simply  as  the  distance  from  the  point  of  support  to  its 
maximum  at  the  centre;  but  under  direct  pressure  the 
moment  at  any  point  is  the  load  multiplied  by  the  deflec- 
tion at  that  point.  Now  it  is  easy  to  imagine  a  sample  of 
iron  having  one  place  much  weaker  than  the  rest,  or  it 
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maybe,  from  some  defect  in  the  casting", that  it  is  not  actually 
straight ;  then  the  strain  may  pass  axially  from  each  end 
to  such  a  point,  the  deflection  all  occurring  at  that 
point.  In  saying  the  deflection  all  occurring  at 
such  a  point,  the  additional  deflection  due  to  bend- 
ing is  intended,  the  form  of  the  bar  being  some- 
what of  the  form  shown  in  Fig.  53 ;  then  wherever 
this  point  is  situated  will  be  the  position  of  maxi- 
mum deflection,  and  of  maximum  strain  in  conse- 
quence. 

In  the  foregoing  examination  I  have  regarded 
the  compressing  strain  as  acting  at  the  centre  of  the  ^ig-  53. 
bar,  but  practically  that  will  only  occur  while  the 
bar  does  not  deflect,  for  as  soon  as  deflection  commences  the 
pressure  will  act  only  on  the  sides  a  and  h  of  the  end 
sections  of  the  bar,  thus  reducing  the  moment.  But  in  the 
first  place  the  load  must  act  centrally,  for  an  initial  pres- 
sure at  a  and  I  would  deflect  the  bar  in  a  direction  the 
opposite  of  that  shown. 

The  calculated  (from  experiment)  resistance  of  such  a 
column  as  that  taken  above  is  8'1  tons,  so  if  we  consider 
the  bar  as  breaking  by  deflection,  it  is  clear  that  the 
tensile  strength  is  not  in  this  class  of  strain  augmented  by 
the  resistance  of  flexure. 

One  very  striking  difference  in  the  behaviour  of  the 
material  under  the  transverse  and  the  compressive  deflect- 
ing forces  must  be  noted.  Under  transverse  strain  the 
ultimate  strength  of  the  bar  is  not  affected  by  variations 
in  the  modulus  of  elasticity,  which  only  affects  the  amount 
of  deflection ;  but  under  the  compressive  force  the  less  the 
modulus  of  elasticity  the  greater  the  deflection,  and  there- 
fore the  greater  the  moment  of  strain  under  a  given  com- 
pressing force,  and  therefore  practically  the  less  the  ulti- 
mate strength. 

It  is  evident  from  this  that  the  iron  selected  for  elements 
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in  compression  should  be  of  a  quality  exhibiting  a  high 
modulus  of  elasticity.  When  a  bar  does  not  fail  by  de- 
flection and  cross  breaking,  its  rupture  may  occur  by 
shearing  at  some  plane  more  or  less  inclined  to  the  axis, 
as  at  g  h  or  f  i  in  Fig.  54,  representing  part 
of  a  column  of  which  al  \b  the  axis.  Taking 
^  the  action  on  the  plane  g  h,  make  ce—  the 
9  load ;  this  must  be  resolved  in  the  directions 
of  the  line  of  fracture,  and  a  line  at  right 
angles  to  it,  the  parallelogram  being  that 
shown dii  ck el',  and  in  like  manner  for  the 
plane  /  i,  the  parallelogram  will  he  c  n  e  m, 
Fig.  54.  c  h  and  c  n  being  the  shearing  forces  re- 
spectively acting  parallel  to   the  planes 

g  h  and  / ^. 

The  maximum  strain  wiH  be  found  to  occur  when  the 
angle  of  the  plane  of  rupture  is  45  degrees  to  the  axis  of 
the  bar,  then  the  strain  parallel  to  the  plane  of  tupture 

wiU  be  =  and  the  area  on  which  this  strain  acts 

1-414 

is  the  sectional  area  of  the  'bar  at  right  angles  to  its  length, 
multiplied  by  1-414.  It  is  evident,  however,  that  this  mode 
of  rupture  can  only  occur  in  columns  of  small  length  in 
ratio  to  the  diameter,  or  least  thickness,  for  if  the  resultant 
c  m  fall  outside  the  base  of  the  column,  there  must  be  bend- 
ing strain.  Taking  the  plane  at  the  angle  given  above, 
and  resolving  it  at  the  centre  or  axis,  the  base  of  the 
column  must  have  a  width  equal  to  its  height. 

From  experiment  it  is  found  such  a  column  would  crush 
with  36  tons  for  a  square  inch.    The  proportion  of  this 

36 

acting  parallel  to  the  plane  of  fracture  would  be  -j7|j^  — 

25-4  tons.  The  area  of  sheared  section  wiU  be,  for  the 
bar  1  inch  square,  i-414  square  inches ;  hence  the  shearing 
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25'4  •  • 

strain  per  square  iucli  =  ^^4.         ^^^^  (nearly).  This  is 

a  very  high  standard,  but  the  experiments  upon  which  the 
formulse  were  based  were  made  upon  metal  of  superior 
quality. 

A  considerable  difference  in  strength  will  be  found  to 
exist  between  elements  having  flat  properly  bedded  ends 
and  such  as  have  jointed  ends,  or  ends  upon  which  the 
column  can  turn,  for  the  flat  ends  aid  in  resisting  deflec- 
tion; and  it  may  be  observed,  as  in  the  deflection  of 
columns  the  extended  side  is  that  on  which  the  compres- 
sive load  is  most  directly  resting,  there  will  be  a  great 
tendency  for  the  deflection,  when  it  does  occur,  to  happen 
suddenly,  perhaps  instantaneously,  with  rupture,  and  so 
pass  unnoticed. 

I  will  now  insert  the  empirical  formulse,  which  have 
been  derived  from  the  experiments  of  Hodgkinson  and 
others.  The  formula  for  timber  is  Love's,  those  for  metal 
are  Gordon's.  The  diameter  or  thickness  is  always  to  be 
measured  the  thinnest  way  of  the  column ;  thus,  a  column 
6  inches  by  4  inches  would  be  said  to  have  a  thickness  of 
4  inches  for  the  purposes  of  calculation. 

Let  W  =  breaking  load  in  tons  per  sectional  square  inch 
of  column ;  r  =  the  length  divided  by  the  least  diameter ; 
C  =  ultimate  resistance  to  compression  in  tons  per  square 
inch. 


For  Timher,  W  =  


For  Cast-iron,  cylinders,   solid  or  hollow,   flat  ends, 


W  =  3  ;  jointed  ends,  W  = 


^2  '  J  ' 

1  +  —  i  +  — - 

^400  100 
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For  Cast-iron  rectangular  columns,  flat  ends,  W  =  ■ 


36 


1  +  -^ 
500 


jointed  ends,  W  = 


36 


^  125 


For  Wrought-iron  solid  rectangular  columns,  W  = 


16 


For  Angle,  Tee,  and  Channel  Iron,  W  = 


19 


1  + 


For  Mild  Steel,  solid  round  pillars,  W  = 


900 
30 


3000 


rect- 


1  + 


1400 


angular  pillars,  W  = 


30 


1  + 


2480 


For  Strong  Steel,  solid  round  pillars,  W 


51 


^  +  900 


iv'ictang'ular  pillars,  W  = 


51 


1600 
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JOINTS  AND  CONNECTIONS. 

The  strength  of  any  structure  is  limited  by  that  of  its 
weakest  part,  and  in  order  to  obtain  the  most  satisfactory 
results  all  the  parts  should  be  equally  strong.  In  practice 
it  is  not  possible  to  secure  absolute  equality  of  strength 
throughout  our  work,  but  this  should  be  studied  as  closely 
as  is  practicable,  and  at  all  events  care  must  be  taken  that 
the  strength  nowhere  falls  helow  a  certain  limit. 

The  student,  having  made  himself  proficient  in  the  fore- 
going formulae,  can  readily  determine  the  arose  of  the  various 
elements  of  any  structure  he  may  have  intrusted  to  his 
care ;  but  when  this  is  done  there  arises  the  question  of 
arrangement  of  joints  for  the  connection  of  the  parts,  and 
the  transmission  of  strain  from  one  to  another.  The  sizes 
in  which  materials  can  be  obtained  have  to  be  considered, 
and  the  joints  arranged  so  as  not  to  interfere  with  one 
another.  The  lengths  in  which  bars  and  plates  are  rolled 
vary  in  different  districts;  thus  plates  21  feet  long  are 
common  in  the  Cleveland  District,  whereas  about  1 6  feet 
rules  in  Staffordshire.  A  great  deal  depends  upon  the 
quality  of  the  iron  and  its  peculiar  characteristics,  and  it 
is  not  advisable  to  insist  on  excessively  long  plates,  for  by 
extending  the  dimensions  the  fibre  of  the  metal  may  be 
strained  in  manufacture,  or  in  avoiding  this  the  maker  may 
be  led  to  use  a  class  of  iron  of  a  more  yielding  character, 
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and  inferior  in  strength  tliroughout.  Other  points  also 
require  regarding,  such,  as  convenience  of  handling  and 
erection ;  for  girder  work  generally  20  feet  should  be  taken 
as  the  outside  limit  of  length  for  plates ;  but  angle  irons 
of  moderate  section  may  be  run  up  to  30  or  35  feet  in 
length,  but  this  is  rather  awkward  to  manage,  and  it  is 
more  convenient  to  keep  to  shorter  lengths. 

For  the  sizes  of  timber  no  general  rules  can  be  laid 
down  of  any  practical  utility.  I  will  commence  with  the 
joints  of  timber  structures.  The  liability 
of  timber  to  split  along  the  line  of  the 
grain  calls  for  great  precautions  in  setting 
out  the  joints  in  this  material.  Joints  in 
compression  will  be  most  satisfactorily 
made  by  butting  the  ends  accurately  to- 
Fig.  55.  gether,  as  shown  at  a  h,  Fig.  55,  and 
keeping  them  in  juxtaposition  by  sur- 
rounding the  joint  with  a  box,  shown  in  section  at  e  f,  and 
secured  from  slipping  by  bolts  passing  into  or  through  the 
timber. 

Another  form  of  butt  joint  is  shown  at  c  3,  in  which  the 
ends  of  the  timber  are  stepped  together  and  secured  by 
bolts.  This  form  is  correct  if  the  two  pieces  of  timber  are 
of  exactly  the  same  quality  as  regards  elasticity ;  if  not 
unequal  straining  may  occur  from  the  piece,  say  g  h,  being 
more  compressible  than  the  other  tongue/ when  the  one 
side  yielding  more  than  the  other,  the  post  will  be  more 
liable  to  deflect  laterally.  There  is  also  more  difiiculty  in 
insuring  a  fair  bearing  at  i  and  h  than  there  is  in  obtain- 
ing a  uniform  bearing  in  simple  butt  joints. 

Joints  subject  to  tensile  stress  will  be  generally  more 
complex  than  those  in  compression,  and  in  every  case  some 
sectional  area  will  be  lost.  The  most  common  method  is 
by  scarfing,  as  shown  in  Fig.  56.  At  a  5  is  a  plain  scarf, 
bolted  together  by  bolts  passing  through  thin  wrought- 
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iron  plates  c  c  and  dd,  of  wMcli  the  object  is  to  spread  the 
pressure  of  the  bolt  heads  and 

nuts  over  the  surface  of  the  — r  r— i  r— ■  i— i  r-.^ 
timber,  and  so  prevent  them 
from  cutting  into  it,  as  they  ^ 
otherwise  would,  is  an 
elevation  of  the  side  of  the 
beam,  having  a  plate  on  it. 
If  these  plates  be  not  used, 
square  wrought-iron  washers 
should  be  placed  under  each  Pig.  ge.  ""^ 

head  and  nut,  these  washers 

being  of  a  good  size,  such  as  2^  inches  square  for  a  f-inch 
bolt,  and  so  forth. 

In  this  arrangement  the  whole  of  the  strain  is  trans- 
mitted as  shearing  strain  through  the  bolts.  In  the  first 
place,  therefore,  the  sectional  area  of  the  bolts  must  be 
proportioned  to  the  tensile  strength  of  the  beam. 

The  strengths  used  in  the  examples  wiU  be  taken  from 
the  working  resistances  given  in  the  table  at  the  end  of 
the  book. 

Let  the  beam  be  of  ehn,  6  inches  deep  and  3  inches  thick, 
then  at  1  ton  per  inch  its  working  strength  wiU  be 
6x3x1  =  18  tons.  The  shearing  resistance  of  wrought- 
iron  bars  (from  which  the  bolts  are  made)  being  4^  tons 
per  sectional  square  inch,  the  gross  area  of  bolts  required 

square  inches.    But  we  cannot  get  the 

full  strength  of  the  beam,  for  there  wiH  be  a  loss  of  sec- 
tion by  the  bolt  holes ;  if  there  be  two  f -bolts  opposite 
each  other,  as  shown  &t  ef,  there  will  be  H  inches  taken 
off  the  width  of  the  beam,  and  its  working  strength  wiU 
be  reduced  to  4-5  x  3  X  1  =  13-5  tons,  and  the  area  of  bolts 

required  will  be  ^^-r  =  ^  square  inches.    The  sectional 


will  be  — =4 
4-5 
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area  of  a  f-inch  bolt  is  0-44  inch,  so  the  number  of  bolts 
of  that  diameter  required  will  be  seven,  and  for  uniformity 
we  should  use  eight,  as  shown  in  Fig.  56,  and  more- 
over it  is  advisable  to  have  an  excess  of  bolt  area  where 
it  can  be  obtained  without  further  reducing  the  area  of  the 
beam,  as  we  cannot  be  certain  that  all  the  bolts  will  bear 
equally  on  the  timber.  So  far,  then,  the  strength  of  the 
bolts  is  secured,  but  failure  may  occur  by  their  cutting  out 
of  the  timber  by  detruding  a  piece  equal  to  their  diameter. 
If  the  work  is  sound,  each  juece  of  timber  detruded  will 
have  to  be  sheared  in  two  j)lanes,  through  a  distance  h  in 
the  case  of  the  outer  row  of  bolts,  and  m  in  the  central 
row.  Should,  however,  the  timber,  by  contracting  on  the 
unyielding  iron  of  the  bolts,  crack,  there  will  only  be 
left  one  complete  plane  of  shearing  upon  which  to  rely, 
and  accordingly  this  one  plane  is  all  I  shall  take.  The 
shearing  resistance  is  ^th  of  a  ton,  hence  the  shearing 

area  must  be  =  ——  =  108  square  inches,  and  the  area 
•125 

will  be  the  breadth  of  the  beam  multiplied  by  the  total 
length  of  the  surface  to  be  sheared.    Let  I  —  this  length, 

then  area  =  3x^=1 08;   ^=1^  =  36  inches.     If  the 

o 

bolts  in  line  are  put  6  inches  apart,  centre  to  centre,  and 
the  timber  overlaps  2  inches  at  the  end,  the  shearing  length 
will  be  for  the  two  outer  rows  28  inches,  and  for  the  centre 
11  inches,  making  39  inches  in  all— something  in  excess  of 
that  absolutely  required. 

In  the  mode  of  scarfing  shown  at  g  h,  the  detrusive  re- 
sistance of  the  pieces  hooked  together  is  relied  upon,  and 
thus  the  cutting  action  of  the  bolts  is  avoided,  the  duty  of 
the  latter  being  to  keep  the  surfaces  of  the  joint  in  con- 
tact. It  is  evident  that  the  sum  of  the  lengths  of  the  parts 
sustaining  detruding  force  must  (if  the  bolts  are  not  to  be 
regarded  as  assisting)  be  to  the  effective  depth  of  the  beam 
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as  the  resistance  to  tension  is  to  the  shearing  resistance ; 
that  is,  in  the  present  case  the  line  of  detrusion  must  be 
8  times  the  depth  of  the  beam,  therefore  the  length  of  the 
joint  must  be  16  times  the  effective  depth  of  the  beam.  If, 
then,  the  beam  loses  H  inches  of  its  depth  by  the  necessary- 
cutting  at  the  joint,  the  length  of  such  a  joint  will  be 
16  X  4'5  =  72  inches,  or  6  feet :  of  course,  if  the  strain  is 
partly  taken  by  the  bolts,  this  length  will  be  proportionately 
reduced. 

In  joints  of  beams  under  transverse  strain,  this  will  be 
partly  compressive  and  partly  tensile,  and  must  be  dealt 
with  accordingly. 

Connections  of  parts  must  now  be  examined.  In  Fig.  57, 
a  is  an  upright  connected  with  a  horizontal  tie  S ;  it  is 
tenoned  in,  and  secured 

by  a  thin   iron   strap,  ^  * 

which  embraces  the 
beam  h,  and  is  fast- 
ened to  the  upright  a  by 
bolts  passing  through  it. 
Sometimes  wrought-iron 
tie  bolts  are  used,  run- 
ning the  whole  length  of 
the  upright,  to  tie  the 
members  together,  but 
this  does  not  seem  to 
me  as  compact  as  the  joint  here  described,  g  shows  the 
end  of  a  strut  notched  into  the  end  of  a  tie  ef,  and  held  in 
position  by  a  strap  A,  secured  to  the  tie  ef  by  a  bolt  i. 
Here  the  detrusive  resistance  of  the  timber  at  e  is  relied 
upon,  and  its  area  of  detrusion  must  be  proportioned 
to  the  strength  of  the  tie  ef,  for  it  is  evident  that  the 
horizontal  strain  put  upon  e/  by  the  strut  g  will  be  that 
acting  detrusively  at  e.  In  the  lower  sketch  the  end  of 
the  strut  h  abuts  against  a  chock  of  wood  or  snug  n  o,  bolted 


Fig.  57. 
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on  to  the  tie  beam  I  m ;  here  the  shearing  resistance  of  the 
bolts  is  relied  upon  to  carry  the  strain. 

At  d  the  ends  of  three  timbers  are  shown  as  connected 
by  being  passed  into  a  special  casting  made  to  receive 
them,  where  they  are  secured  by  bolts  passing  through  the 
casting.  The  wrought-iron  plates  and  straps  to  which  I 
have  referred  are  very  thin,  varying  in  thickness  from 
1^6-  inch  upwards,  according  to  the  size  of  the  timbers  they 
connect.  In  such  a  place  as  e  all  the  strap  has  to  do  is  to 
support  a  portion  of  the  weight  of  the  tie  beam  b. 

The  strap  h  may  be  called  upon  to  sustain  the  thrust  of 
the  strut  g,  in  case  the  timber  at  e  shotdd  give  way  and 
become  detruded;  hence  in  this  position  stronger  metal 
will  be  required,  and  sufficient  must  be  used  to  provide 
against  such  an  accident,  as  the  slipping  of  that  strut  would 
probably  issue  in  the  collapse  of  the  whole  structure  of 
which  it  forms  a  part. 

It  is  obvious  that  every  care  should  be  used  to  avoid  as 
much  as  possible  cutting  into  the  timber,  and  so  reducing 
its  sectional  area ;  and,  moreover,  if  the  sectional  area  be 
kept  uniform,  there  wiU  be  less  chance  of  the  element  be- 
coming warped  under  the  influence  of  damp  or  heat  than 
if  it  be  varied  in  dimensions. 

I  shall  now  pass  on  to  the  consideration  of  the  joints  and 
connections  used  in  iron  structures. 

Let  it  be  required  to  join  two  bars,  a  and  b,  under  tensile 


a 


Fif?.  58. 


strain  by  a  cover  or  joint  plate  c,  Fig.  58.  Let  the  bars 
be  4  inches  wide  by  |  inch  thick ;  the  strain  wiU  tend  to 
pull  the  bars  apart  by  shearing  through  the  rivets.  Let 
the  rivets  be  |  inch  in  diameter,  then  the  area  of  each  one 
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in  cross  section  will  be  0-6  square  inch;  the  area  of  bar, 
less  loss  by  rivet  hole,  multiplied  by  the  working  stress  of 
5  tons,  or  (4  —  0-875)  x  0-75  X  5  =  11-71  tons,  which  is 
the  strain  to  be  carried  by  one  set  of  rivets  from  the  bar  a 
to  the  cover  plate  c,  and  again  by  another  set  of  rivets 
from  the  plate  c  to  the  bar  I.  The  working  shearing  re- 
sistance being  4-5  tons  per  square  inch,  the  strength  of 
each  rivet  will  be  4-5  x  0-6  —  2-7  tons ;  hence  the  number 

of  rivets  on  each  side  of  the  ioint  will  be  ^'^'^^  or  5  rivets 

2-7  '  ' 

for  something  more  than  4  rivets  being  requisite,  wo  can- 
not have  less  than  5,  as  shown 
in  the  figure.  Had  there  been 
two  joint  plates,  one  on  each 
side  of  the  main  bars,  each  rivet 
would  have  two  sections  acting; 
hence  in  this  arrangement  only 
half  the  number  of  rivets  used 
with  the  single  cover  are  neces- 
sary. It  is  necessary  to  con- 
sider the  proportions  of  the 
various  dimensions  of  the 
rivets,  and  to  arrange  them 
carefully,  for  upon  the  quality 
and  disposition  of  this  part  of 
the  work  the  safety  of  a  struc- 
ture depends,  as  much  as  upon 
the  correct  proportioning  of  the  main  elements.  The 
rivets,  when  cold,  must  necessarily  be  of  less  diameter 
than  the  holes  they  are  intended  to  fill,  for  they  wiU 
of  course  expand  when  heated;  hence  care  must  be 
taken  that  when  in  the  holes  they  are  properly  ham- 
mered or  pressed  up  to  fill  them.  Under  ordinary  cir- 
cumstances, the  rivets  probably  do  not  exactly  fill  the 
holes,  and  therefore  hold  the  plates  together  against  lougi- 
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tudinal  strain  by  friction,  until  by  the  vibration  of  strains 
the  rivets  are  pulled  so  as  to  bear  against  the  holes  in 
which  they  rest.  This  will  account  for  the  leakage  through 
rivet  holes,  and  in  fact  leakage  will  show  that  the  riveting 
is  imperfect.  In  order  to  secure  the  filling  of  the  rivet 
hole  it  is  evident  that  the  hammering  up  of  the  rivet  should 
be  continued  until  the  metal  of  the  plate  surrounding  the 
rivet  body  is  of  the  same  temperature  as  the  rivet  itself,  so 
that  it  may  all  shrink  toe/ether  in  cooling.  Hand  riveting 
seems  more  favourable  to  this  result  than  power  riveting, 
but  the  latter  possesses  advantages  more  than  counter- 
balancing this. 

I  will  first  consider  the  necessary  size  of  the  rivet  heads : 
the  greatest  strain  to  which  the  heads  will  be  liable  will 
be  that  due  to  the  contraction  of  the  bodies  in  cooling, 
and  this  will  not  exceed  10  tons  per  sectional  square  inch 
of  rivet  body,  as  that  is  the  limit  of  elasticity,  and  at  that 
strain  the  rivet  will  stretch.  In  the  direction  in  which  a 
rivet  will  pull  out  of  its  head,  parallel  to  the  fibres,  the 
resistance  does  not  probably  exceed  f  of  the  shearing 
strength  across  the  grain ;  hence  the  working  strain  along 
the  grain  should  be  taken  at  4-5x0-8  =  3-6  tons  per 
square  inch.  lid  =  diameter  in  inches  of  body  of  rivet, 
then  the  maximum  puU  on  the  head  will  be  0-7854  d'^  X  10 
=  7-854d~  tons.  The  shearing  area  in  the  head  will  be 
the  circumference  of  the  body  multiplied  by  the  height  a, 
Yig.  59  ;  and  its  resistance  at  3-6  tons  =  3-1416  dx  a  y.  8-6 
=:U-31d.a.,  as  the  resistance  must  be  equal  to  the  strain 
11-31  =  7-854  .-.  a  =  0-694  d,  or  the  height  at  the 
place  indicated  by  the  dotted  line  should  never  be  less  than 
-/o  the  diameter  of  the  rivet. 

This  strain,  moreover,  must  not  put  on  the  plates  a 
greater  compressing  strain  per  square  inch  than  the  workmg 
stress  of  3-5  tons,  and  to  this  the  annular  area  of  the 
under  side  of  the  rivet  head,  must  be  adapted.    Calling  D 
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the  diameter  of  the  rivet  head  in  inches,  the  annular  area 
multiplied  by  compressive  working  stress  wiU  be  0-7854 
(D^  -  d^)  X  3-5  =  2-7489  (D^  -  d'),  say,  2-75  (D^  -  d'). 
Hence  7-854  =  2-75  —  2-75  <^^  I>  =  1-96  d,  which 
means,  practically,  that  the  diameter  of  the  head  should  be 
twice  that  of  the  body  of  the  rivet.  A  sufficient  length 
must  be  allowed  over  that  required  by  the  thickness  of 
the  plates  passed  through  to  make  the  second  head,  and 
the  least  that  can  be  put  for  this  is  Vid,  or,  practically, 
li-  diameters.  If  the  quantity  is  slightly  in  excess,  and 
forms  a  collar,  this  collar  should  not  (as  is  sometimes  done 
for  appearance)  be  cut  off,  for  in  so  doing  the  chisel  will 
most  likely  cut  into,  and  so  weaken  the  plate  upon  which 
the  rivet  head  bears,  and  the  collar  will  not  be  noticed 
when  the  work  is  painted.  If  these  proportions  are  adhered 
to,  the  rivet  will  be  right  for  either  shearing  or  tensile  stress, 
which  latter  occurs  when  it  hangs  upon  its  head,  and  bears 
a  longitudinal  strain,  which  will  not  exceed  5  tons  per  inch, 
or  one-half  of  that  for  which  the  head  has  been  calculated. 

Having  determined  the  proportions  of  the  rivet,  the  re- 
lations of  the  rivet  holes  to  the  bars  or  plates  to  be  joined, 
and  their  distances  from  the  edges  and  from  each  other, 
remain  to  be  considered.  The  distance  of  the  rivets  in 
line  from  centre  to  centre  is  called  the  pitch  of  the  rivets. 

At  e  is  shown  a  rivet  in  section  in  a  hole  near  the  end  of 
the  bar,  the  strain  being  in  the  direction  of  the  arrows, 
tending  to  tear  the  end  of  the  bar  open.  Eupture  of  the 
end  of  the  bar  may  occur  in  different  ways  :  the  bar  may 
tear  open  from  the  rivet  to  the  end,  or  it  may  tear  laterally 
through  the  dotted  line  ff,  or  the  rivet  may  push  a  piece 
out,  though  this  latter  is  very  improbable  in  iron  (not  being 
liable,  like  timber,  to  detrusion).  The  metal  may  also  be 
damaged  by  the  compression  put  upon  it  by  the  rivet.  The 
part  under  compression  at  f  will  exhibit  a  section  equal  to 
the  diameter  of  the  rivet  multiplied  by  the  thickness  of  the 


126 


MATERIALS  AND  CONSTRUCTION. 


plate.  Taking  the  stresses  as  before,  shearing  at  4*5  tons, 
and  compression  at  3*5  tons,  and  dealing  with  one  shearing 
section  only  of  the  rivet,  its  strength  will  be  0-7854  X 
4-5  =  3-534  d'^.  Let  t  —  the  thickness  of  the  plate  in  inches, 
then  its  working  strength  to  resist  the  compression  from 
the  rivet  will  be,  3-1416  X  t  y,  Z-b  —  lldt;  for  these  to 
be  equal  3-534  d"^  —  lldt,  and  the  thickness  of  the  plate 
must  not  be  less  than  one-third  of  the  diameter  of  the 
rivet. 

Next,  as  to  breaking  through  the  line  g ;  each  side  of  the 
bar  (if  the  rivet  is  central)  will  take  one-half  of  the  strain 
on  the  rivet,  or  1-767  d^  tons.  The  resistance  will  be  the 
length  g  multiplied  by  the  thickness,  and  by  5  tons  tensile 
strain  =  5.y.^=  1-767         gt  =  0-ZbSd\  Hence  if  were 

at  its  limit  of  |,  g        =0-353  <?2,  .-.  g  =  1-059  d.  Finally, 
o  3 

as  to  bursting  out  along  the  line  /,  it  has  been  found  that 
when  the  other  proportions  are  properly  adjusted  in  order 
to  obtain  equal  strength  on  the  line  /,  it  must  be  equal  to 
one  and  a  half  diameters,  but  in  practice  the  thickness  is 

usually  more  than  ^.    The  rupture  along  /  is  a  kind  of 
o 

cross  breaking,  the  load  being  the  strain  on  the  rivet,  the 
reactions  being  the  tension  on  the  metal  acting  on  each 
side  of  the  rivet :  if  the  breadth  of  the  bar  be  three  dia- 
meters, the  conditions  will  be  those  of  a  beam  loaded  in  the 
centre  and  fixed  at  each  end,  and  having  a  span  of  two 

diameters;  the  moment  of  strain  wiU  be  ^ 

8 

=  0-883  d^ ;  that  of  resistance  ^il^iAZ!  =  o-75  t  f\  Let 

6 

t  —  ~,  its  least  thickness,  then  0-883  d^  =  0-75  t p  ~ 


0-75  Z  p  ;  0-883  dr  —  0-25  p\  f—  s/3-53     —  1-88.  d. 
3 
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These  observations  on  the  relation  of  rivet  diameter  to 
position  of  rivet  holes  in  plate  will  also  apply  to  bolt  holes 
and  pin  holes. 

In  Fig.  60,  A  B  shows  in  plan  two  main  plates  united  by 
rivets  disposed  in  a  zigzag  form,  the  object  being  to  have 
several  rows  of  rivets  without  much  loss  of  sectional  area 
in  the  main  plates,  for  every  rivet  hole  represents  the  area 
of  so  much  waste  metal  running  the  whole  length  of  the 
main  plate,  when  the  joints  are  in  tension ;  in  compression, 
of  course,  there  is  no  loss  by  rivet  holes,  provided  the  rivets 
fill  them.    When  the  rivets  are  zigzag  it  must  be  arranged 
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that  no  area  that  might  tear,  such  as  c  c  c  c,  for  instance,  is 
less  than  the  effective  transverse  section  of  the  plate  ;  that 
is  to  say,  a  line  ccc  c  passing  through  the  centres  of  the 
rivets  must  not  be  less  than  the  breadth  of  the  plate,  plus 
two  rivet  diameters  in  this  case,  for  on  the  breadth  two 
rivet  diameters  is  the  loss,  and  on  the  zigzag  line  four  rivet 
diameters.  When  there  is  no  zigzagging,  but  the  rivets 
are  in  even  rows,  from  four  to  six  diameters  are  found  to 
give  a  satisfactory  pitch  in  practice. 
In  the  second  sketch  ee',  ff,  gg',  hh'  are  four  main  plates, 
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having  their  joints  all  brought  together  under  one  cover 
in  this  arrangement,  the  distance  between  any  two  joints 
must  be  sufficient  to  allow  of  the  insertion  of  the  number 
of  rivets  necessary  for  one  plate  (the  plates  here  are  all 
assumed  of  the  same  size).  The  way  in  which  the  stress 
passes  is  thus  :  that  from  h  passes  to  g',  from  g  to  and  so 
on  as  shown  by  the  arrows  ;  that  from  e  passing  into  the 
cover  plate  ij  through  the  rivets  between  i  and  h,  and  out 
again  through  the  rivets  between  m  and/  into  the  plate  h. 

At  N  0  is  shown  the  way  in  which  the  strain  may  be 
supposed  to  pass  from  one  plate  to  another,  being  taken 
up  step  by  step  by  each  line  of  rivets  as  they  are  approached, 
and  so  through  the  length  of  the  plates,  increasing  on  one 
as  it  diminishes  on  the  other,  as  illustrated  by  the  shaded 
parts,  the  shading  indicating  the  amount  of  stress  on  the 
plates  at  each  point. 

In  butt  joints  in  compression,  strictly  speaking,  no  stress 
shoiJd  come  on  the  rivets,  but  if  the  ends  of  the  plates  do 
not  absolutely  butt  against  each  other,  the  whole  stress 
passes  through  the  rivets ;  hence  it  is  advisable  (as  butt 
joints  are  not  easy  to  get)  to  [provide  a  sufficient  number 
to  carry  it. 

The  punching  of  the  plate  is  found  to  weaken  it  to  a 
varying  extent ;  that  is  to  say,  it  reduces  the  strength  of 
the  metal  left,  probably  because  in  this  process  the  piece 
removed  is  burst  out  rather  than  cut,  and  for  some  distance 
round  the  hole  the  material  will  be  strained  permanently, 
and  by  its  distortion  may  also  put  a  permanent  strain  upon 
the  metal  beyond  the  zone  actually  injured  by  the  action 
of  the  punch.  It  has  been  found  that  annealing  the  metal 
restores  its  strength,  and  this  indicates  that  the  deteriora- 
tion is  due  to  local  molecular  disturbance.  In  my  opinion 
the  best  plan  is  to  punch  the  holes  smaller  than  they  are 
required,  and  drill  out  the  injured  zone,  and  about  a  inch 
will  be  found  sufficient  for  ordinary  thicknesses.  The  sharp 
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edges  left  round  the  hole  by  the  drill  should  be  rounded 
off,  otherwise  the  shearing  resistance  of  the  rivet  will  be 
reduced,  as  the  edges  of  the  holes  wiU  act  as  veritable 
shears  on  account  of  their  sharpness,  and  from  this  cause 
alone  there  may  be  as  much  as  5  per  cent,  loss  of  strength 
on  rivet  area. 

I  will  now  examine  the  proportions  required  for  screw 
bolts  ;  as  these  are  put  in  cold  they  are  not  liable  to  the 
exceptional  strains  coming  upon  rivets.  Let  as  before  d,  — 
diameter  of  body  in  inches,  D  =:  diameter  of  head  (that  is, 
the  least  width  over  the  head),  H  =  height  of  head,  T%  — 
height  of  nut,  all  in  inches  ;  working  strains  as  before. 

The  ratio  of  shearing  area  to  resist  drawing  of  the  body 
of  the  bolt  out  of  the  head  will,  as  there  is  no  greater 
strain  on  it  than  the  ordinary  working  stress,  be  to  the 
cross  section  of  the  bolt  as  5  is  to  3-6 ;  hence  3-6  X  3-1416 
X  H  =  5  X  0-7854  A^,  whence  H  =  0-348  A.  Common  prac- 
tice does  not  make  them  less  than  half  the  diameter  in 
height,  and  h,  the  height  of  the  nut,  is  usually  equal  to  the 
diameter,  this  margin  being  allowed  for  loss  by  cutting  the 
thread,  and  the  fibre  being  cut  transversely  through,  is 
materially  weakened  in  the  process.  The  bearing  area  of 
the  head  of  the  bolt  or  the  nut  will  be  to  the  cross  section 
as  5  to  3-5.  5  X  0-7854 A''  =  3-5  X  0-7854  (D^  —  A');  D  = 
1-56  A. 

Bolts  subject  to  strain  must  have  their  threads  carefully 
cut  in  a  lathe  by  a  proper  chasing  tool,  the  threads  of  the 
nuts  similarly  made,  and  to  fit  the  bolt  threads,  and  under 
no  circumstances  must  die-cut  threaAs  be  permitted  where 
there  is  any  strain,  for  these  threads  are  partly  cut  and 
partly  squeezed  up,  as  may  at  times  be  noticed  by  the 
slight  furrow  on  the  top  of  the  thread,  showing  that  the 
sides  have  burred  up  under  the  pressure  of  the  dies,  and 
the  most  ordinary  common  sense  wiU  indicate  that  such 
threads  must  be  quite  useless  under  strain. 

G  3 
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Fig.  61  shows  a  joint  made  by  a  gib  and  cotter,  c  ana  e. 
Two  bars,  a  a',  are  jointed  to  the  bar  h.  In  each  bar  is  a 
rectangular  hole,  into  which  the  key  or  gib  c  is  inserted, 
being  then  tightened  up  by  driving  in  the  cotter  e.  The 
slight  taper  on  the  back  of  the  gib  and  one  side  of  the 

cotter  allows  them 

 c^.-|^e   i  to  be  driven  tight, 

^  ^   i  \^\     I  J    while  the  surfaces 

CL  J  U    ~i  pressing  against 

U  the  inside  of  the 

or  f  holes  in  the  bars 

remain  parallel. 
As  there  is  some 
liabihty  to  work 
\  loose  where  much 

Fig.  61.  vibration  occurs, 

the  cotter  is  some- 
times prolonged,  as  in  /,  into  a  screw,  which,  passing 
through  a  ring  carried  on  a  prolongation  g  on  the  gib,  is 
secured  by  a  bolt  h,  but  this  precaution  is  usually  confined 
to  machinery.  The  gib  and  cotter  arrangement  possesses 
advantages  of  tightening  up  joints  that  recommend  it  in 
the  eyes  of  many  for  the  joints  of  counterbracing. 

The  cotter,  when  driven  up,  may  also  be  kept  from  moving 
by  drilling  a  small  hole  through  the  work,  and  driving  in 
a  pin,  and  similarly  a  nut,  when  screwed  up,  may  be  kept 
from  turning ;  but  this  does  not  permit  any  future  tighten- 
ing up  of  either  connection. 

In  Fig.  62  is  shown  an  ordinary  joint  of  a  cross  girder 
with  a  main  girder.  A  is  the  bottom  flange  of  the  main 
girder,  and  B  is  the  cross  girder ;  it  rests  upon  A,  being 
riveted  at  aaa  to  one  of  the  upright  stiff eners,  which  is 
turned  at  an  angle  so  as  to  fit  on  the  top  of  the  cross  girder ; 
it  is  connected  with  the  web  by  the  rivets  h  h,  and  steadied 
on  the  main  girder  flange  by  c.    This  is  as  good  a  joint 
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as  can  be  got  for  the  purpose,  and  affords  also  a  good 
steadying  resistance  to  tlie  lateral  forces  acting  on  the 
main  girder.    The  rivets  ,,. 
a  a  a  are  in  tension;   b  \  \ 


flange  A.  If  the  cross  ^'^'l^^^.  — 
girder  is  attached  under  ^   ^   F  62 

the  flange,  the  rivet  heads 

alone  are  relied  upon  to  support  it — a  thing  to  be  avoided 
where  possible. 

I  will  now  remark  upon- the  connections  of  the  various 
parts  of  the  main  girders  themselves,  and  point  out  the 
nature  of  the  strains  occurring  there. 

The  relations  between  and  equilibrium  of  the  flanges 
are  maintained  through  the  web,  whether  the  girder  be  of 
plate  or  lattice  web,  and  the  connections  ef  these  three 
parts — the  two  flanges  and  the  web — are  made  by  the 
rivets  passing  through  the  angle  irons.  Taking  any  point 
in  either  flange,  we  find  the  flange  joined  to  its  angle  irons 
by  two  rivets,  in  a  line  transverse  to  the  length  of  the 
flange ;  therefore  there  are  two  rivet  arese  in  shear,  and 
corresponding  to  these  the  two  angle  irons  have  one  rivet 
joining  them  to  the  web ;  but  as  the  web  is  between  the 
vertical  limbs  of  the  angle  irons,  this  rivet  must  be  sheared 
in  tivo  places  before  the  web  can  break  away ;  hence  here 
there  are  also  two  rivet  arese  in  shear,  so  that  the  strength 
is  uniform  throughout  the  connection.  The  strain  on  a 
girder  increases  from  the  point  of  support  towards  that  of 
maximum  strain,  and  it  is  evident  that  each  pair  of  angle- 
iron  rivets  must  take  up  the  increase  of  strain  accruing 
from  its  increased  distance  from  the  point  of  support.  Let 
there  be  a  girder  100  feet  span  carrying  1-5  tons  per  lineal 


and  b,  under  shearing 
strain ;  e  also  is  in  tension 
if  any  part  of  the  load 
comes    directly    on  the 
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foot,  and  being  8  feet  deep,  and  let  the  rivets  have  a  pitch 
of  4  inches  ;  what,  then,  will  be  the  strain  on  the  first  pair 

of  rivets  r   When    =  4  inches,  — -— - — -  = — - — 

'2d      2d  2X8 

1-5  X  100  X  ^  _  _  3.Q2  tons.    This  is  the  place  of  the 

2X8  ^ 
most  rapid  increase  o^  strain,  and  therefore  of  the  maximum 

3"02 

strain  on  the  rivets ;  the  above  would  require           =  0-66 

4-50 

square  inches  of  rivet  area  ;  two  f -inch  rivets  would  give 
0-88  square  inches  of  area,  hence  A/-ould  be  ample  for  the 
purpose.  Practically  this  size  and  pitch  will  be  kept  through- 
out the  girder. 

Next,  we  must  consider  the  duty  of  the  rivets  holding 
the  flange  plates  together  when  there  are  more  plates  than 
one.  As  the  plates  farthest  from  the  neutral  axis  are  the 
most  strained,  it  is  evident  t]iat  by  their  elastic  resistance 
they  will  tend  to  slide  upon  those  next  beneath  them,  and 
in  so  doing  will  bring  shearing  strain  upon  the  rivets  hold- 
ing tho  plates  together,  this  strain  being  equal  to  the 
difference  of  strain  on  two  contiguous  plates.  To  take  an 
extreme  case,  let  the  girder  be  12  inches  deep  over  all, 
and  each  flange  to  consist  of  two  plates  12  inches  wide  and 
f  inch  thick  each,  then  the  centres  of  these  plates  will 
respectively  be  5'625  inches  and  4-875  inches  from  the 
neutral  axis ;  so,  if  the  outer  plate  have  a  strain  of  5  tons 
per  square  inch  upon  it,  its  total  strain  will  be,  deducting 
the  loss  by  rivet  holes,  (12  —  1-75)  X  0-75  X  5  =  38-43 

4'875 

tons,  and  that  of  the  plate  next  38-43  x  —  33-3  tons, 

the  difference  being  5*13  tons,  to  be  carried  by  each  pair 

5-13 

of  rivets,  and  therefore  requiring    —  =1-14  sectional 

square  inches  of  rivet  area.  The  two  |-inch  rivets  for 
which  allowance  has  been  made  in  taking  the  strength  of 
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the  plate  will  give  1'2  inches  area.  To  the  above  strain  is 
to  be  added  the  increment  due  to  the  increasing  strain  on 
the  flange  ;  but  this  near  the  point  of  maximum  strain  is 
very  trifling,  and  as  it  increases  towards  the  ends  the  strain 
just  taken  will  generally  fall.  It  may  be  advisable  to  see 
what  is  the  actual  increment  of  strain  at  4  inches  pitch. 
If  the  girder  be  20  feet  span,  the  load  to  give  the  strain 
mentioned  on  the  plates  must  be  25  tons,  or  1-25  tons  per 
lineal  foot ;  the  two  values  of  x,  to  give  the  increment  of 
strain  at  the  centre,  wiU  be  9  feet  8  inches  and  10  feet, 
which,  using  the  same  formula  as  employed  in  the  pre- 
vious case,  gives  for  the  two  plates  71-43  tons,  and  71-73 
tons,  the  difference  being  0-3  ton,  which  has  again  to  be 
divided  between  the  two  plates,  as  it  is  only  the  portion 
passing  to  the  outer  plate  that  affects  the  section  of  rivet 
with  which  we  are  dealing,  and  that  portion  would  be  0-15 
ton,  which  would  raise  the  required  sectional  area  to  1-18 
square  inches. 

In  all  this  the  resistance  of  the  plates  to  sliding  due  to 
their  friction  has  been  (as  is  usual  in  practice)  neglected, 
as  we  cannot  be  sure  of  its  value,  although  it  has  been 
shown  by  experiment  to  exist,  and  to  be  more  than  equal 
to  the  strength  of  the  rivets.  This  was  proved  by  riveting 
up  some  plates,  and  having  the  rivets  in  large  oval  holes, 
when  it  was  found  that  the  rivets  failed  before  the  plates 
slipped  for  them  to  take  their  bearings. 

The  amount  of  f  rictional  resistance  between  the  plates  of 
bridge  structures  may  diminish  with  time,  by  the  slacken- 
ing of  the  initial  tension  of  the  rivets,  for  if  they  are  as- 
sumed, when  closed  up,  to  have  a  tension  of  10  tons  per 
sectional  inch,  yet  not  only  will  they  yield  further  under 
the  vibrations,  but  in  time  the  molecules  themselves  will, 
to  some  extent,  rearrange  themselves,  and  so  reduce  the 
stress  to  which  the  friction  is  due.  If  there  be  a  tension 
of  5  tons  per  sectional  inch  of  rivet  area,  the  corresponding 
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frictional  resistance  of  the  plates,  supposing  them  to  be 
well  flattened  so  as  to  bear  evenly  upon  each  other,  would 
be  1'5  tons  per  inch  of  rivet  area. 

In  rig.  63  are  shown  examples  of  joints  used  in  different 
parts  of  iron  roofs.    A  is  the  connection  of  a  tee  iron  strut 

with  a  rafter  by  means 
of  two  joint  plates  laid 
one  on  each  side  of 
the  web  of  the  strut, 
and  having  the  ver- 
tical limb  of  the  rafter 
between  them.  B 
shows  another  joint  of 
this  sort,  but  with  the 
addition  of  the  upper 
forked  end  of  a  sus- 
pension-rod, which 
embraces  the  joint 
plates,  and  one  bolt 
fastens  aU  together. 
fh(/  is  the  joint  at  the 
top  of  the  roof  where 
the  two  principal 
rafters  meet.  Tavo 
plates  are  put  one  on 
each  side  of  the  ver- 
tical limbs  of  the 
rafters,  and  riveted 
through  as  shown,  and  also  carry  between  them  the  eye 
of  a  suspension-rod,  t,  where  such  a  rod  occurs  in  the  con- 
struction, this  rod  hanging  on  a  bolt  as  shown, 

N  is  one  of  the  lower  joints,  being  that  at  the  centre  ;  r 
is  the  central  suspension  or  king  rod ;  o  and  p  are  two  tee 
iron  struts,  of  which  the  ends  of  the  tables  are  turned  up 
to  ^  horizontal  position,  and  drilled  to  admit  the  screwed 


Fig, 
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end  of  the  rod  r,  which  also  passes  through  a  hole  in  the 
main  tie  q  of  the  roof,  all  these  elements  being  fastened 
and  held  together  by  the  nuts  s  and  t. 

K  illustrates  the  general  form  of  an  eye  at  the  end  of  a 
rod,  and  M  the  screw  at  the  other  end,  which  is  to  be  cut  on. 
a  part  of  greater  diameter  than  the  rest  of  the  bar,  so  that 
the  diameter  at  the  base  of  the  thread  shall  not  be  less 
than  that  of  the  body  of  the  rod. 

Between  a  nut  and  the  surface  upon  which  it  presses 
should  be  interposed  a  metal  ring  or  washer  on  which  the 
nut  will  bear,  and  which  will  prevent  the  nut  from  cutting 
into  the  element  beneath  when  it  is  being  tightened  up. 

It  may  here  be  observed  that  where  punching  without 
subsequent  drilling  out  of  the  holes  is  the  mode  of  manu- 
facture adopted,  spiral  punches  should  be  used,  as  it  is 
found  that  from  their  comparatively  gradual  action  the 
general  injury  done  to  the  metal  is  comparatively  trivial : 
they  have  far  more  of  a  cutting  action  than  the  ordinary 
flat  punches,  and  indeed  it  is  as  unreasonable  to  make  the 
cutting  edge  of  a  punch  horizontal  as  it  is  that  of  a  shear, 
and  no  practical  man  would  think  of  bringing  the  whole 
length  of  a  shearing  edge  into  action  at  once.  The  violent 
commotion  caused  amongst  the  particles  of  the  iron  by  the 
flat  punch  is  evident  from  its  texture  in  the  neighbourhood 
of  the  punched  hole  being  frequently  changed  from  fibrous 
to  semi-crystalline. 

In  the  connections  made  with  cast  iron  by  means  of  bolts 
passing  through  lugs  very  great  care  is  called  for  in  the 
execution  of  the  castings,  in  order  that  the  lugs  may  be 
perfectly  sound  and  not  cracked  in  the  re-entering  angle, 
which  is  apt  to  occur  if  the  moulds  are  opened  too  soon.  In 
all  elements  of  this  description  the  holes  should  be  very 
carefully  drilled  to  template  (or  pattern),  for  cast  iron  is 
too  rigid  to  be  wrenched  into  place  as  is  occasionally, 
though  improperly,  done  with  wrought  iron ;  hence,  if  the 
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bolt  holes  do  not  fit,  one  of  them  will  be  enlarged  to  let  the 
bolt  in,  with  the  result  generally  of  rendering  that  bolt 
useless. 

In  cast-iron  piers  braced  with  bars  pockets  may  be  formed 
to  receive  the  ends  of  the  bars,  but  in  these  cases  the 
pockets  should  be  made  without  a  bottom ;  there  should  be 
a  clear  passage  through  for  the  escape  of  any  water  that 
might  otherwise  accumulate,  for  if  not,  the  water  may  accu- 
mulate and  freeze,  and  by  its  expansion  in  so  doing  cause 
the  rupture  of  the  pocket ;  this  has  been  known  to  occur, 
and  is  of  course  attended  by  great  trouble  and  expense. 

The  student  must  be  cautioned  against  putting  in  joint 
plates  where  they  are  not  required,  for  in  such  localities 
harm  may  result  from  their  presence.  For  instance,  if 
there  be  a  number  of  single  spans  succeeding  each  other, 
each  span  being  designed  as  a  single  girder ;  if  then  by  a 
joint  plate  it  is  connected  with  those  at  each  end,  it  becomes 
more  or  less  a  girder  fixed  at  the  ends  instead  of  freely 
supported  there,  and  thus  the  distribution  of  the  stresses 
throughout  the  structure  will  be  altered,  and  therefore  will 
not  be  such  as  have  been  provided  for  in  the  design. 

It  is,  as  far  as  manufacture  is  concerned,  very  important 
for  the  supervising  engineer  to  see  that  all  the  connections 
made  during  the  erection  of  a  structure  are  properly  dis- 
posed and  adjusted,  for  it  sometimes  happens  that  by 
ignorance  or  want  of  thought  on  the  part  of  a  workman 
a  properly  designed  work  is  very  unduly  strained,  either 
from  mode  of  lifting  during  erection,  or  from  the  conditioD 
in  which  it  is  left  when  that  process  is  complete. 


CHAPTEE  XT. 


COMBINATIONS  OF  GIRDERS. 

All  structures  of  magnitude  carried  by  girders  will  consist 
of  an  aggregation  of  these  elementary  parts,  but  tbe  term 
"  combination  "  is  here  applied  to  indicate  such  an  arrange- 
ment of  the  girders  that  they  assist  each  other,  or  by  their 
connection  relieve  or  modify  the  strains  upon  each  other. 
An  ordinary  bridge  consisting  of  main  and  cross  girders 
will  be  a  simple  aggregation  of  girders ;  the  cross  girders 
carry  the  roadway,  and  are  in  turn  carried  bodily  by  the 
main  girders  ;  the  latter  form  the  supports  for  the  former, 
but  in  no  way  reduce  or  modify  the  strains  upon  them. 

If  a  load  is  equally  distributed  over  a  number  of  girders 
identical  in  construction,  they  will  aU  deflect  by  the  same 
amount,  and  under  other  distribution  the  deflections  will 
be  as  the  loads.  Now  although  it  has  been  shown  that 
the  modulus  of  elasticity  for  wrought  iron  is  a  very  variable 
quantity,  yet  it  may  be  assumed  that  if  all  the  girders  in 
a  given  structure  are  made  of  the  same  kind  of  iron,  and 
are  under  the  same  strain  per  sectional  square  inch,  that 
in  this  structure  the  modulus  of  elasticity  may  be  considered 
constant  for  all  its  parts,  and  the  relative  deflections  will 
then  follow  the  general  laws,  which  we  have  found  in  the 
chaj)ter  on  Deflection  to  be  as  follows : — 

The  deflection  varies  directly  as  the  load,  and  as  the 
cube  of  the  span  of  the  girder  or  length  of  the  cantilever. 
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and  inversely,  as  m,  where  m  ■=.  b  —  h' d'^  —  Sec.  —  h  d"^. 
If  a  girder  carrying  a  uniformly  distributed  load  is  partly 
supported  at  the  centre,  the  deflection  at  the  centre  will  be 
the  total  deflection  due  to  the  uniformly  distributed  load, 
less  the  deflection  (upwards)  due  to  the  sustaining  force 
at  the  centre.  This  has  been  proved  by  experiment.  If, 
for  instance,  there  is  a  girder  30  feet  span  loaded  with 
20  tons,  the  value  of  m  being  44,000,  the  deflection  under 
this  load  wiU  be  D  =     ^0  x  303      ^  ^^^  ^ 

44-8  m      44-8  x  44,000 

inches. 

If  there  is  a  supporting  force  in  the  centre  of  the  beam 
equal  to  6  tons,  the  deflection  equivalent  to  this  wiU  be 

^  —  ,73 —  =  no^^  =  0-131  inch :  hence  the  actual 

28  m     28  X  44,000 

central  deflection  of  the  beam  will  be  0-274  —  0-131  = 
0-143  inch.  The  point  of  maximum  strain  will  not  be  at 
the  centre,  but  there  will  be  two  points  of  maximum  strain, 
one  on  each  side  of  the  centre  of  the  span,  the  curve  of 
strain  being  as  it  were  caught  up  at  the  centre. 

Let  I  =  span  of  the  girder,  w  =  load  per  lineal  foot,  E  = 
reaction  at  one  end  point  of  support,  P  =  upward  sustain- 
ing force  at  the  centre  of  the  girder,  M  =  moment  of  strain 
at  any  point  distant  x  from  the  nearest  end  support.  On 
each  end  support  one-half  the  total  load,  less  one-half  the 

central  force  P,  will  act ;  therefore  E  =  ^  -  -  ;  M  =  — ' 

2      2  2 

~     X  ^~  —  — ^  ^~2~'  points  of  maximum 

moment  of  strain  must  now  be  determined.  When  the 
moment  of  maximum  strain  is  reached,  and  that  moment  is 
about  to  be  diminished,  we  may  imagine  an  indefinitely 
small  increase  of  x  during  which  the  moment  remains  con- 
stant ;  here,  then,  the  increase  of  the  positive  quantity  must 
equal  that  of  the  negative  quantity.  Let,  then,  :rbecome^  +  a, 
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!  being  indefinitely  small :  M  =  -{x-\-af-\-~{x-\-a) 

2  2 

_ +     =  |(^^  +  2  a ^  +  a^)       {x  +  a)- {x+a). 

The  quantity  a  being  originally  very  small  compared  to 
V,  cC-  is  so  much  smaller  that  it  may  be  neglected  ;  then  the 

increase  of  the  positive  quantity  x^wax  +  — ,  and  of  the 

legative         ;  equating  these,  wax  -\-  ■ — =  ,  .•.  x  = 

2  2  2 

^  —  =1-  — ~ ,  which  is  the  value  of  x,  correspond- 
Iwa     2wa     2  2w 

,ng  to  the  maximum  moment  of  strain. 

Suppose  now  a  uniformly  loaded  girder  to  be  assisted  by 
another  girder  of  similar  section  and  span  placed  imme- 
diately beneath  it,  but  supporting  it  only  at  the  centre,  the 
deflections  of  the  two  girders  would  be  equal ;  what  would 
be  the  relations  of  the  maximum  strains  upon  them  ?  The 
maximum  strain  on  the  second  girder  (loaded  at  the 
centre)  will  be  at  the  centre,  and  its  moment  there  will  be 

P  7  VP 
W  =  —  — -.    The  deflection  on  this  girder  is  D  =  — — . 

4  28  m 

Let  wl  =  'W,  then  deflection  at  centre  of  first  girder  wiU 

lie  D  =  -  ^      —  But  as  these  two  deflections  are 

44"8.  w     28.  TO 

equal,  —  =  ,  and  —  =-  ,  whence 

^      44-8.  m     28.  m     28.  m        44-8.  w      14.  w 

P  =  0-3125  to.  I.  The  maximum  strain  on  the  first  or 
uniformly  loaded  girder  will  be  M  =        ~~'^^')  ^ 

(L-Z\  ^1(L-^)  =  1(VI-^-^];  that 
\2     2wj       2\2     2wJ       4  V  2  2w/ 

P  I 

on  the  second  M'  =  —   :  and  if  r  =  the  ratio  between 

4 

these  strains,  r  =  M  =  1  —       —  J^.    If  we  desire  to 
'        M  2F  2tvl 
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divide  tlie  load  in  any  particular  manner,  there  are  two 
ways  of  doing  it — by  interposing  some  element  between 
the  girders,  so  that  their  deflections  are  not  equal,  and  by 
making  the  girders,  of  different  sections,  so  that  m  has  not 
the  same  value  for  both. 

Let  it  be  required  to  have  the  maximum  strain  per  sec- 
tional square  inch  the  same  for  both  girders. 

First  let  some  intermediate  element  be  used,  so  that  the 
deflections  of  the  two  girders  are  not  necessarily  equal ;  then 
retaining  the  sections  alike,  the  maximum  moments  musi 

be  equal.   H-^Ll-'^-Ii}  •  whence P  =  0-268. W 
^  4        8       8W  4 

The  interposed  element  must  under  the  load  P  have 

deflection  equal  to  the  difference  of  deflection  of  the  tw( 

principal  girders. 

In  the  second  case,  for  the  sake  of  simplicity,  let  solic 

rectangular  beams  be  assumed  to  be  used,  and  the  deflec: 

tions  equal.    It  is  evident  that  the  force  P  must  produce 

half  the  deflection,  as  a  central  load,  that  the  load  W  woulc 

produce  uniformly  distributed.    Let  D'  =  the  actual  de 

1   W  P 

flection  of  the  two  girders,  then  D'  =  -'— r-r — also  D'  = 
°  2  44-8.  m 

^i!.  ;  whence  S^Ll  ,  where  m'  refers  to  the  urn- 

28. m  89-6. m'  28 

f  ormly  loaded  girder,  and  m  to  the  auxiliary  centrally  loadec 

girder :  28.  W.  m  =  89-6.  P.  m'.    Some  ratio  between  W 

and  P  must  be  decided  upon,  or  else  between  m  and  m' ;  le 

P  =  ^,  then  28.  W.  m  -  89'6.  ^.  m' ;  .-.  m  =  ^^J^ 

2  2  ob 

1-6  m.  From  this  we  have  i  (P  =  1  -6.  h'.  d"^ ;  but  the  sam( 
strain  per  sectional  square  inch  is  also  required.  Th( 

P I 

maximum  moment  of  strain  on  the  first  girder  is  M'  =  —  • 

4 

^_VH^yn_■Wl__^NJ^_^  the  maximu,< 

8        8  e<;        8  8         32  32  ' 
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P I 

train  on  the  second  or  auxiliary  girder  M  =  —  —  =  — 
—  Tlie  moment  of  resistance,  therefore,  of  the  second 
yirder  must  be  four  times  that  of  the  first,  or  — ^  ~  = 
ish' d'"^  ^j^g  strain  per  sectional  square  inch,  must  be 


lie  same  for  both;  hence  --~z=- 


•.hd'  =  4h'd'\  It 


6^3 

las  been  shown  above  that  to  satisfy  the  conditions  hd^  = 
[•6.  h'd'^i  hence,  as  equals  divided  by  equals  must  be  equal, 
)d^_l-6.h' d^^ 
bT'~  4.b'd'^ 

For  example,  let  the  span  of  the  beam  be  6  feet,  and  the 
distributed  load  1-2  tons,  then  P  =  0-6  tons  ;  the  moment 

1-2  X  6  X  12 


d  =  0-4  d:. 


of  strain  on  the  first  girder  =  ——^^  ~ 


32 


2-7  inch  tons ;  on  the  second  girder  M  =  —        =  — 

o 


1-2  X  6  X  12  _ 


10-8  inch  tons. 


The  moments  of  resistance  must  be  equal  to  these 
moments  of  strain  ;  hence  if  s  =  4  tons,  and  b'  =  1  inch, 

s  h' d'^  _  ^Vd^  =  2-7,  .-.  d'^  =  I'i  =  3-55  inches, 

6  6  3  '  2 

and  d'  =  1-884  inches ;  =  0*4  =  0-7536  inch ;  Id?  = 
Ah'd'^-   .  J-  '^•*'^"  =  i^il^^=25inches.  The 

deflections,  then,  of  these  two  beams  should  be  equal,  if  our 
deductions  are  correct :  in  the  case  of  the  first  beam  m'  — 
WP  1-2  X  63 


6-688,  and  D'  =: 


89-6.  m      89-6  X  6-688 


=  0-43  inch.  Por 


the  seconder  auxiliary  beam  m  —  10-697,  andD'  = 


56.  m 
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1"2  X  B** 

—  r--— -  =  0-43  inch.    This,  then,  proves  the  accuracy 

of  the  foregoing  investigation.  It  will  be  noticed  that  the 
ratio  of  the  depths  is  apparently  independent  of  the  breadths, 
but  these  are  ruled  by  the  moment  of  strain  to  be  sustained. 

One  of  the  commonest  applications  of  this  principle  is 
found  in  the  distributing  girders  of  railway  bridges,  where, 
under  a  maximum  load  of  engines,  every  alternate  girder 
only  will  carry  a  direct  load,  and  the  distributing  girder  is 
therefore  used  to  carry  a  part  of  the  strain  on  to  those 
girders  that  would  otherwise  be  idle.  This  distributing 
girder  is  usually  carried  along  the  centre  of  the  bridge, 
being  firmly  secured  to  every  cross  girder. 

Now  as  each  cross  girder  will,  under  a  passing  load,  be 
alternately  loaded  directly,  and  acting  as  an  auxiliary,  it 
follows  they  must  all  be  of  the  same  section  ;  the  deflections 
therefore  will  be  different,  and  the  difference  must  be 
equivalent  to  the  deflection  of  the  distributing  girder.  If 
this  be  worked  out  according  to  the  principles  set  forth 
above,  and  I  be  the  span  of  the  cross  girders,  and  z  the 
distance  between  them  from  centre  to  centre,  and  m  apply 
to  the  cross  girders,  and  m!  to  the  distributing  girder,  it 

will  be  found  that  m'  =  6.  m  This  ratio  cannot  well 

be  obtained  in  practice,  as  will  be  now  shown  by  an  example. 

We  have  found  that  if  the  girders  are  of  the  same  sec- 
tion, and  have  the  same  maximum  strains  upon  them,  P  = 
0-268  W.  Let  the  bridge  carry  two  lines  of  railway,  and 
the  load  on  each  wheel  of  a  locomotive  be  7-5  tons  (I  am 
here  assuming  a  train  of  tank  engines,  weighing  45  tons 
each,  and  carried  on  three  pairs  of  wheels  coupled  and 
equally  loaded),  then  on  the  directly  loaded  girder  there 
will  be  30  tons,  and  this  is  so  distributed  that  we  may 
practically  consider  it  as  uniformly  distributed  load. 

The  dead  load  is  eqiially  dividud  amongst  the  cross 
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16 


girders,  so  there  is  only  that  part  of  the  section  required  to 
carry  the  running  load  to  be  dealt  with  here. 

Let  the  cross  girders  he  25  feet  span,  and  1 8  inches  deep 
between  the  centres  of  gravity  of  the  flanges.  The  load 
carried  by  the  distributing  girder  on  to  the  intermediate 
girder  will  be  30   X  0-268  =  8-04 

tons.    This  will  really  go  from  the     K  la'^-—-  *! 

loaded  cross  girder,  half  in  each 

direction,  to  the  idle  girders  on  either 

side;  but  as  each  idle  girder  wiU 

receive  a  like  load  from  the  loaded 

girders  on  either  side,  for  the  pur-  Fig.  64. 

poses  of  calculation,  all  the  load 

taken  from  one  girder  may  be  regarded  as  placed  upon 

the  centre  of  the  next. 

The  strain  on  either  flange  will  be,  from  this  central 

,    ,  W.l     8-04  X  25  .  ,        ,  ,  .      .  . 

load,  -^—^  ==__-__.=  33'5  tons :  taking  4  tons  per  square 

inch  as  working  strain,  the  effective  area  required  will  be 
33*5 

=  8-375  square  inches,  and  the  section  required  by 

the  running  load  will  be  as  shown  in  Pig.  64.  The  value 
of  m  wiU be,  w  =  5  —  h' d''  =  8-375  x  18^  —  8-375  X  16^  = 
14539.  In  the  case  I  have  taken,  the  wheel  centres  wiU 
be  about  8  feet,  so  the  cross  girders  will  be  4  feet  apart,  or 

=  4  feet ;   then  w'  =  6  m         =  6  X  14539  (J^y  = 

87234  X  0-0041  =  357-659. 

The  distributing  girder  acts  as  a  girder  fixed  at  both 
ends ;  its  span  is  z,  and  the  central  moment  of  strain  is 
8-04  x^4  X  12  _  j^pj^  ^Qj^g^  ^j^-gj^  ^^^^  equalled 

by  the  moment  of  resistance ;  hence  for  the  distributing 
girder  '1^=.  48-24;  ~—  =  48-24,  .-.  hd'  =  72-36.  Also 
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m'  =  hd^  —  357-659.    Because  h  d^=  hd~  X  d,  357-659  = 

72-36  X  d,  .-.  d  =  =  4-943'  inches.   Again,  h  d'  = 

72-36 

h  X  (4-943)^  =  72-36 ;      h  =  ^^^^  =  2-962  inches. 

Witli  a  solid  bar  of  this  size  there  would  he  prohibitive 
difficulties  in  the  way  of  making  a  satisfactory  joint  with 
the  cross  girders,  and  if  the  material  be  expanded  into  an 
open  section,  the  difficulty  of  obtaining  the  proper  moment 
of  resistance,  together  with  the  requisite  deflection  and  suit- 
able sections  of  metal  to  build  up  the  distributing  girder, 
will  be  experienced. 

In  practice  a  girder  stiffer  than  that  indicated  by  theory 
has  to  be  adopted;  hence  the  load  on  the  idle  girder  is 
greater  than  0-268  W,  but  it  can  never  exceed  0-3125  W, 
which  would  be  its  value  were  the  distributing  girder 
absolutely  rigid ;  hence  by  adopting  this  coefficient  perfect 
safety  is  secured,  and  as  this  is  equivalent  to  twice  the 
weight  equally  distributed,  the  saving  is  1  —  0-625  =  0-375, 
or  37^  per  cent,  of  the  area  required  by  the  running  load, 
using  a  distributing  girder. 

Many  other  cases  arise  in  practice  in  which  the  distri- 
buting or  equalising  girder  is  found  advantageous;  for 
instance,  in  bridges  carrying  ordinary  roads,  on  which  the 
moving  load  is  generally  of  a  uniform  character,  but  is 
occasionally  varied  by  heavy  concentrated  loads,  such  as 
that  presented  by  a  heavy  traction-engine  or  steam-roUer. 
Instead  of  making  each  roadway  girder  heavy  and  strong 
enough  to  carry  this  load,  should  it  come  upon  it,  by  mears 
of  a  distributing  girder,  the  concentrated  load  is  distributed 
over  several  of  the  ordinary  girders. 


CHAPTER  Xn. 


PEACTICAL  APPLICATION  OF  FORMULAE. 

Having  so  far  elucidated  the  principles  upon  whicli  struc- 
tures should  be  designed,  it  seems  advisable  to"sbow  the 
method  of  applying  them  in  practice,  as  although  the 
calculations  once  explained  present  in  themselves  no 
difficulties,  the  reproduction  of  their  results  in  the  form  of 
working  drawings  is  not  always  obvious  to  the  student. 

The  drawings  necessary  are  :  a  general  plan  ;  side  eleva- 
tion; cross  section;  longitudinal  section;  and  enlarged  views 
and  sections  of  details.  These  drawings  should  be  accom- 
panied by  a  specification  stating  the  quaHty  of  materials  to 
be  used,  and  the  kind  of  workmanship  to  be  put  into  the 
work.  The  specification  should  be  very  carefuUy  drawn  up 
and  adhered  to,  for  if  the  specification  is  drawn  by  a  compe- 
tent engineer,  there  should  be  nothing  in  it  to  require 
modification  after  the  agreement  for  the  execution  of  the 
work  is  signed.  ^ 

Let  a  design  be  required  for  the  superstructure  of  a 
railway  bridge  (the  piers  or  abutments  will  be  treated  of 
under  the  head  of  Structures  of  Stability),  to  carry  a 
double  line  of  railway,  the  headway  being  sufficient  to 
allow  a  suitable  depth  to  be  given  to  the  cross  girders,  but 
not  enough  to  aUow  of  the  main  girders  being  put  und^r 
the  rails,  so  that  two  main  side  girders  will  be  used,  croos 
;,drders  4  feet  apart  between  them,  combined  by  a  central 
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distributing  girder,  and  tlie  floor  being  made  of  buckled 
plates.  All  the  girders  to  be  plate  girders.  The  span  of 
the  bridge  130  feet. 

In  order  to  allow  a  sufficient  clearance  on  each  side  of 
the  railway  trains,  the  girders  must  be  4  feet  6  inches 
from  the  outer  rail,  giving  for  the  clear  width  between  the 
side  girders  25  feet. 

To  determine  the  running  load,  the  actual  strain  produced 
by  a  string  of  locomotives  of  the  heaviest  type  running  on 
the  line  should  be  calculated,  and  the  load  per  lineal  foot 
capable  of  producing  an  equal  strain  determined  for  vari- 
ous spans,  so  as  to  have  the  data  for  any  span  at  hand. 
For  the  present  case  I  shall  take  H  tons  per  line  of  rail- 
way as  the  running  load  for  the  main  girders,  and  15  tons 
per  pair  of  driving  wheels  for  running  load  on  the  cross 
girders. 

For  the  large  side  girders  and  for  the  shallower  girders 
the  effective  depth  will  be  the  depth  between  the  centres 
of  gravity  of  the  flange  arese. 

The  working  strains  allowed  will  be — tension,  4J  tons ; 
compression,  3^  tons ;  shearing,  4  tons  per  sectional  square 
inch. 

In  fixing  the  dead  load  it  is  necessary  to  have  some 
means  of  estimating  the  weight  of  a  girder,  arch,  or  chain, 
to  carry  any  given  live  load ;  such  weight  in  the  arch  to  in- 
clude the  spandrels  and  road  girder,  and  in  the  chain  to 
include  the  suspension  rods  and  road  girder  :  the  following 
table  will  supply  these  data  for  carefully  designed  struc- 
tures. 

If  W  =  weight  of  girder,  or  arch,  or  chain,  in  tons  per 
foot  run  ;        =  total  load  on  girder  (not  including  weight 
of  girder) ;  c  =  coefficient  taken  from  the  table ;  W  = 
X  C. 
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Girders. 


TVitt  7l3;11^6S  of  cquaI 
Sectioa  throughout. 
•00182 

With  FlEnges  proportioHGd 
to  the  Strain. 

•00145 

Span  divided 
by  Depth. 
8 

•00198 

•00156 

9 

•00213 

•00167 

10 

•00228 

•00178 

11 

•00243 

•00189 

12 

•00259 

•00200 

13 

•00274 

•00211 

14 

•00289 

•00222 

15 

•00304 

•00233 
Arches  or  Chains. 

16 

Rigid  Arch. 
•00085 

Chain. 
•00073 

cpan  uiviaecl 
by  Versine.* 
4 

•00093 

•00079 

6 

•00100 

•00085 

6 

•00108 

•00091 

7 

•00117 

•00097 

8 

•00125 

•00104 

9 

•00133 

•00110 

10 

•00141 

•00116 

11 

•001495 

•00121 

12 

The  cross  girders  must  first  be  designed.  Each  cross 
girder  will  carry  as  dead  load  its  own  weight  and  its  share 
of  ballast,  floor  plates,  and  permanent  way.  As  running 
load  there  will  be  15  tons  on  each  pair  of  rails  for  every 
alternate  girder :  taking  the  wheel  bases  of  a  tank  engine  at 
8  feet,  this  will  be  a  maximum  load  for  any  cross  girder, 
and  of  this  (as  shown  in  the  chapter  on  Combinations 
of  Girders)  a  part  only  will  act  on  one  cross  girder.  The 
top  flanges  of  the  side  girders  for  such  a  span  should  be 
made  2  feet  6  inches  wide ;  hence  the  effective  span  of  the 
cross  girder  from  web  to  web  will  be  27  feet  6  inches,  and 
the  load  will  be  placed  as  shown  in  Fig.  65.    What  will 

*  The  versine  is  the  rise  of  the  arch  from  springing  to  crown,  or 
the  fall  of  the  chain  from  level  of  supports  in  towers  to  centre. 

H  2 
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be  the  equally  distributed  load,  giving  a  maximum  strain 

equal  to  tbat  produced  by  the  7-5  tons  on  each  rail? 

Treating  these  as  symmetrical  loads,  the  maximum  strain 

.  ,  .  p  X  N  7-5  (5-75  +  10-75)  123-75 
IS  (usmg  our  former  notation)  —  =  — ^  • 

The  strain  from  a  distributed  load  is  =  at  the  centre  ; . 
Yl  =  WX27:5  =  12^.  ^  =  3e  tons,  andof  this  the 

proportionate  equally  distributed  load  carried  by  one 
girder  will  be  36  X  -625  =  22-5  tons. 

The  weight  of  J-ineh  buckled  floor  plates,  including  theii 
joints,  strips,  and  rivets,  is  12  lbs.  per  superficial  foot;  oi 
ballast  1  foot  thick,  120  lbs.  per  superficial  foot ;  of  per 


<—  5.9  -  > 

-    5.0  --> 

 6.0  

---5.0  -  i--  5.9— > 

1 

Fig.  65. 


manent  way,  400  lbs.  per  yard  of  double  line.  The  aret 
carried  by  each  cross  girder  is  27-5  X  4  =  110  square  feet 
the  loads  will  be — 

Plates    .    .    .    110   X    12=  1320 

Ballast  ...    110   X  120  =  13200 

Permanent  Way     H  X  400  =  bZ2> 

15053  lbs.  =  6-72  tons  ; 

which,  added  to  22-5  tons  running  load,  gives  29-22  tons,  t 
which  must  be  added  the  weight  of  the  cross  girder.  Th 
girder  will  be  of  uniform  section,  its  depth  in  the  centre 
-iV  of  its  span  ;  hence  its  weight  will  be,  taking  the  co- 
efficient from  the  table,  29-22  X  0-00213  =  0-06224  ton 
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per  lineal  foot ;  the  total  -weigtt  is  0-06224  X  27-5  =  1-712 
tons,  making  the  total  weight  to  be  supported  by  the  cross 
girder  29-22  4-  1-712  =30-932  tons,  say  31  tons.  The 

maximum  strain  on  either  flange  will  be  =  38-75 

^  8  X  2-75 

tons.  The  effective  depth,  being of  the  span,  is  2*75  feet. 

The  area  of  the  top  flange  in  compression  will  be  = 

11-07  square  inches,  gross  area;  the  nett  area  of  bottom 

flange  to  resist  tension  will  be     °  ^:  =8-61  square 

inches.  For  work  of  this  size  the  flanges  will  be  joined 
to  the  web  by  angle  irons  3  inches  by  3  inches,  by 
J  inch  thick,  the  rivets  being  |-inch  diameter,  pitched 
4  inches  apart  from  centre  to  centre.  This  angle  iron 
rolled  full  will  have  an  area  equal  to  a  bar  6  inches 
by  i  inch,  and  in  order  to  get  the  angle  iron  of  the  area 
calculated  upon,  it  is  best  to  mark  it  on  the  drawing  by  its 
weight  instead  of  thickness  thus :  3"x  3''x  10  lbs.  per  foot, 
instead  of  3"x  3"x  i".  After  deducting  the  area  of  the 
angle  irons,  there  will  be  11-07  —  6  =  5-07  square  inches 
required.  For  convenience  in  attaching  the  buckled  floor 
plates  a  wide  top  flange  is  required ;  hence  the  remaining 
area  will  be  made  up  by  a  plate  12  inches  wide  by  -iV  inch 
thick.  For  the  bottom  flange  nett  area  is  to  be  taken,  as 
in  tension  the  rivet  holes  are  loss  on  the  section :  in  each 
angle  iron  there  are  two  f-inch  rivet  holes,  so  the  nett  area 
of  each  equals  4-5  X  •5=2-25  square  inches,  making 
4-5  square  inches  for  the  two  ;  8-61— 4-5=4-11  square 
inches  to  make  up  by  flange  plate ;  8^  inches  wide  by  ^  inch 
thick  wiU  be  the  nett  area  required  as  nearly  as  it  can  be 
met,  and  to  this  must  be  added  1^  inches  width  for  two  rivet 
holes,  making  10  inches  by  ^  inch.  The  web  should  be 
J  inch  thick ;  hence  the  cross  section  will  be  as  shown  in 
Fig.  66.    The  effective  depth  has  been  taken  as  2-75  feet; 
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11. 


that  is,  between  the  centres  of  gravity  of  the  flange  arese. 

These  centres  of  gravity  must  be  found. 
If  the  moments  of  the  areae  of  the  different 
~F~^-^/i6  parts  of  a  flange  be  taken  about  a  line 
'■■3"3">^'la    parallel  to  the  top  of  the  section,  and 
their  sum  divided  by  the  total  area  of  the 
<y*"        flange,  the   distance  of   its  centre  of 
„  „  ,„   gravity  from  such  line  wiU  result.  For 
jl-j^^^r    the  top  flange  let  the  moments  be  taken 
c^Z-io^Jd^      about  the  top  boundary  a  h.    The  moment 
Fig.  66.        of  each  area  will  be  that  area  multiplied 
by  its  mean  distance  from  a  h.  The 
dimensions  of  the  angle  irons  are  taken  full  for  the 
rounding  at  the  root  e. 

I 

One  plate  12  x  x^e  X  i  X  A        =  1-148 

Horizontal  limbs  of  angle 

irons  6xiX(i^6+iXi)=2-062 

Vertical  ditto     .    .    .    .    3  X  1  X  (A  +  i  X  3)  =5-812 

9-022 

The  total  area  is  (12  X  A)  +  2  (6  x     =  11-25  square 

inches.  =  0-80  inch  from  centre  of  gravity  of  top 

11-25 

flange  to  top  of  girder.  For  the  bottom  flange  the  nett 
area  must  be  taken  about  line  c  d. 

One  plate  8  5  x  i  X  i  X  i        =  1'062 

Horizontal  limbs  of  angle 

iron  4-5xixa  +  iXi)=l-687 

Vertical  ditto  .        ...    2-25  x  1  x     +  i  X  3)=4-500 

7-249 


The  total  nett  area  is  (8-5  x  i)  +  2  (4-5  X     =  8-75 
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square  inches.  =  0-83  incli  (nearly)  from  centre 

8'75 

of  gravity  of  flange  to  bottom  of  girder.  Adding  these 
distances  to  the  effective  depth  of  girder,  the  total  depth 
becomes  2  feet  9  inches  +  (O-BO  +  0-83)  =  2  feet  10-63 
inches,  so  the  girder  may  be  made  3  feet  deep  over  aU  at 
the  centre. 

The  shearing  strain  at  each  end  on  the  web  will  be  half 

15'5  <- 

flie  load,  or  15-5  tons,  requiring  an  area  of        —  3-875 

square  inches  ;  the  girder  may  therefore  be  tapered  down 
to  a  depth  of  16  inches  at  the  ends.  As  the  flanges  are 
the  same  throughout,  there  will  be  ample  strength  to  allow 
of  the  reduction  of  depth.  The  shearing  strain  at  any 
section  is  equal  to  the  load  between  that  section  and  the 
centre  ;  but  as  the  web  may  be  made  in  two  lengths,  with 
the  joint  at  the  centre,  no  joint  -will  come  under  shearing 
strain.  The  angle  irons  may  be  made  the  whole  length  o^ 
the  girder.  Along  the  web  vertical  tee-iron  stiffeners 
I  should  be  placed  to  distribute  the  load  through  the  web  : 
let  one  be  on  each  side  of  the  web  under  each  rail,  each 
stiffener  being  5  inches  wide  along  the  web,  and  2J  inches 
in  the  other  direction ;  the  longest  wiU  be  nearly  36  inches, 
and  they  will  aU,  for  convenience  of  manufacture,  be  made 
of  the  same  section  ;  putting  two  of  these  back  to  back,  the 
least  width  of  the  pillar  so  formed  will  be  about  4  inches, 

36 

i  giving  for  the  ratio  of  length  to  diameter  _  =  9.  The 

load  over  each  stiff ener  is,  running  load,  7-5  tons;  cross- 
girder  ballast  and  plates  over  one  nearest  the  centre  wiU 
be,  girder  0-0622  x  5-5  =  0-342  ton:  5-5  feet  is  the 
length  from  the  centre  of  the  cross  girder  to  the  centre  of 
the  two  lines  of  rails.  The  girders  being  4  feet  apart,  the 
'weight  of  ballast  and  plates  will  be  5-5  x  4  x  (120  -f  12) 
=  2904  lbs.  =  1-296  tons,  and  that  of  the  permanent  way 
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133  lbs.  =  0-059  ton,  making  in  all  7-5  +  0-342  +  1-296  + 
0-059  =  9-197  tons.  Taking  one-fifth,  of  the  breaking 
■weight  as  working  load,  it  is  found  from  the  formula  for 
tee-iron  columns  that  the  working  strength  of  the  two  tee 

irons  is  -  X  — =3-5  tons  per  sectional  square  inch  : 
5     1  +  81 

900 

9-197 

the  area  required  will  therefore  be  =2-62  square 

inches.  The  least  thickness  to  be  used  for  the  stiffeners  prac- 
tically will,  however,  be  f  inch.  The  load  from  the  stiffeners 
is  passed  to  the  web  through  rivets;  the  shearing  area 

required  will  be  ^^i^  =  2-299  square  incites ;  each  f  rivet 

has  in  section  0-44  square  inch,  so  the  number  of  sections 

required  will  be  ^  ^  =  5*2,  that  is,  6  sections  ;  each  rivet 

being  in  double  shear,  three  rivets  are  necessary;  there  will, 
h-owever,  necessarily  be  more  than 
A  this  in  the  shortest  stiffener,  so  it 


is  evident  that  in  these  parts  we 
have  ample  strength.  When  the 
stiffeners  are  long,  as  over  2  feet 
for  instance,  they  should  be  bent 
over  the  angle  irons,  as  shown  at  A, 
Fig.  67 ;  but  short  ones  should  be 
put  on  straight,  as  shown  at  B,  being 


Fig.  67.  packed  by  the  strips  shown  black  in 

the  figure. 

The  flange  plates  must  each  be  made  in  two  lengths,  and 
may  be  joined  at  the  centre.  The  strength  of  th.e  top  plate 
isl2xAx  3-5  =  18-375  tons,  requiring  in  rivet  area 

H^l^  =  4-593  square  inches.    The  number  of  f  rivets 

.  .        4-593  _  in  4       +  • 
required  on  each  side  of  the  jomt  =   iO-4;  tnat  is, 
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1 1  rivets.  The  rivets  are  in  two  rows ;  hence  the  least  we 
can  have  will  be  6  in  each  row  on  each  side  of  the  joint,  or 

12  in  the  length  of  the  cover-plate;  the  pitch  being  4  inches, 
the  length  of  this  cover-plate  will  be  12  x  4  =  48  inches. 
Its  width  and  thickness  wiU  of  course  be  the  same  as 
those  of  the  plates  it  joins.  In  the  bottom  flange,  the 
strength  of  plate  =  8-5      X  4-5  =  19-125  tons;  rivet  area 

19-125  _^.^g  square  inches ;  10-8;  that  is,  11  rivets 

4  -44 

as  above,  so  this  cover-plate  wiU  also  be  4  feet  long. 

There  now  remains  to  be  determined  the  rivets  for 

attaching  the  cross  girder  to  the  main  side  girders,  and  to 

the  distributing  girder.    At  each  end  of  the  cross  girder 

half  the  effective  load  will  be  transmitted  to  the  main 

girder,  the  half  being  15-5  tons,  requiring  a  shearing  area 

~.  =  3-875  square  inches  =  =  9  rivets.   In  the 

depth  at  the  ends  determined  on  there  will  be  4  rivets  in 
shear,  but  there  will  be  6  rivets  connecting  the  cross  girder 
with  the  tee-iron  stiff ener  of  the  main  girder,  making  10  in 
all,  and  the  latter  6  being  in  tension  are  stronger  than 
those  under  shearing  stress. 

The  section  of  the  distributing  girder  must  now  be  de- 
cided. The  maximum  strain  on  this  will  be  on  the  entry 
of  a  load  on  the  bridge,  when  part  of  it  wiU  be  in  the 
position  of  a  girder  8  feet  span  loaded  in  the  centre  with 
36  X  •3125  =  11-25  tons.  Let  the  effective  depth  of  the 
girder  be  8  inches,  then  the  strain  on  either  flange  (maxi- 
1 1  -25  X  8 

mum)  =  —       ^  ■  =  33-75  tons,  requiring  sectional  arese  of 
4  X  s" 

33-75 

flanges,  in  compression,  — ^t^-  =9-64  square  Laches ;  in 
33*75 

tension,       -  =7-5  square  inches.    The  section  wlU  bo 

made  up  as  shown  in  Fig.  68,  f  rivets,  4  inches  pitch,  being 

H  3 
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used.    Total  depth,  10  inches.    A  is  the  cross  section ;  B 

shows  the  connection  of  the  distributing  with  the  cross 

girder  by  4  rivets  on  each  side. 

"We  must  see  if  these  will  be 

sufficient.  The  load  to  be  taken 

in  tension  by  these  rivets  is 

11-25     „  ^ 

=  2-5  square 


T 


n  // 

 -// 


11-25  tons. 


4-5 


—  7^'-- 


a 


1.,. 


a 


Fig.  68. 


inches  ;  the  area  in  the  8  rivets 
is  8  X  -44  =  3-52  square 
inches,  a  a  and  a' a'  are  the 
top  and  bottom  cover-plates  of 
the  cross-girder  flanges.  The 
distributing  girder  may  be 
made,  the  angle  irons  in  30- 
feet  lengths  and  the  plates  in 
16-feet  lengths,  so  that  the 
joints  of  the  latter  faU  between 
the  cross  girders.  The  covers 
for  the  angle  irons  wiLL  re- 
quire on  each    side  of  the 

•  •  ^    ^      n  3x3-5  .        ,    .  , 

]omt,  top  flange,  4^^-744-  =  6  rivets  (3  inches  area  x 

3-5  tons  working  strength  in  compression,  -r-  4  tons  shearing 
working  strength  and  -44  square  inch  area  of  one  rivet) ; 
2-25  x  4-5 

bottom  flange    4  =  6  rivets.    In  each  case  there 

will  be  three  in  each  row,  or  6  rivets  in  the  length  of 
the  cover;  but  as  the  rivets  are  zigzag  in  the  angle 
irons,  it  will  be  equal  to  7  rivets  in  length,  or  28 
inches.  The  rivets  required  for  the  top  flange  cover- 
plates  will  be  on  each  side  of  a  loint,  ^'^^  ^  ^'^  =  8 

J      '     4  X  -44 

rivets ;  that  is,  4  in  each  row,  or  8  in  the  length  of  the 
plate,  making  32  inches.    On  the  bottom  flange  will  be 
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3  X  4*5 

required  ^  ^       =  8  rivets,  making  the  cover-plate  here 

also  2  feet  8  inches  long,  which  will  come  in  between  two 
cross  girders. 

It  will  be  observed  that  in  the  angle  irons  in  tension  I 
have  deducted  the  rivet  holes,  as  if  they  came  opposite  each 
other  instead  of  zigzag ;  this  is  partly  because  they  faU  in 
the  thicker  part  of  the  metal,  and  therefore  have  more 
than  the  average  thickness  out,  and  partly  because  the 
root  of  the  angle  iron  may  be  more  generally  weakened  by 
punching  than  a  flat  bar  or  plate  would  be. 

It  must  now  be  seen  that  the  weight  of  the  cross  girder 
and  4  feet  of  the  distributing  girder  do  not  together  exceed 
the  weight  allowed  for  the  cross  girder  in  the  calculations. 
A  bar  of  iron  1  inch  square  and  1  foot  long  weighs  3^  lbs. ; 
hence  from  this  can  be  calculated  the  weights  required. 
The  average  sectional  area  of  the  web  of  the  cross  girder 
,35  +  15  1 

^  2  ^  4  ~  ^'^^  square  inches ;  this,  added  to  the 

area  of  flanges,  gives  a  weight  =  (22-25  +  6-25)  x  27-5 
X  3^  =  2612-5  lbs. ;  for  stiffeners  there  are  8,  each  (say) 
3  feet  long,  and  in  section  5x2^X|  =  2-81  square 
inches  ;  their  weight  =  24  x  2-81  x  3^  =  224-8  lbs.  The 
cover-plates  weigh  (4  x  5-25  x  3^)  +  (4  x  5  x  3^)  =  137  lbs. 
The  4  feet  of  distributing  girder  weighs  4  X  21*75  x  3^ 
=  290  lbs. ;  and  for  covers  (only  one  occurring  in  one  in- 
terval), 2f  X  3-75  X  3i  =  33  lbs. ;  taking  the  sum  of  these 
weights,  with  the  addition  of  5  per  cent,  for  rivets,  we  have 
3462  lbs.  =  1-54  tons.  The  weight  allowed  was  1-712  tons, 
so  there  is  a  little  margin  here. 

The  calculations  for  the  main  girders  can  now  be  pro- 
ceeded with.  In  the  first  place,  the  total  load  coming  on 
the  main  girders  is  to  be  summed  up.  There  will  be 
32  cross  girders  in  the  130-feet  span;  hence  the  loads  will 
be  as  below : — 
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49-28  tons 
194-69  „ 

7-74  „ 

325-00  „ 
2)576-7l  „ 

On  eacli  main  girder  .    .       288-35  „ 

These  girders  will  have  their  plates  proportioned  to  the 
varying  strains,  so  as  to  have,  under  the  maximum  strain, 
uniform  strain  per  sectional  square  inch;  the  weight  of 
girder  to  carry  this  load  will  therefore  he  (see  table  pre- 
ceding), if  the  depth  =  ^^-th  the  span, 

288-35  X  0-00189  =  0-555  tons  per  foot.    0-555  X  130  = 
72-15  tons  per  girder. 

Thus  the  whole  load  to  he  calculated  on  for  each  main 

girder  is  288-35  +  72-15  =  360-5  tons.    The  maximum 

,    360-6  X  130  ,  , 

central  strain  will  be   g  ^  ^Q.gg    =  540-75  tons  ;  where 

10  feet  10  inches  is  the  effective  depth;  w  =  load  per 
lineal  foot,  equal  2-77  tons. 

The  gross  area  of  the  top  flange  at  the  centre  will  be 

=  155  square  inches,  taking  the  areee  to  the  nearest 

.  540-75 

unit ;  the  nett  area  of  the  bottom  flange  wiU  be  -4.5- 

=  1 20  square  inches.  The  rivets  for  this  work  will  require 
to  be  1  inch  diameter  and  4  inches  pitch.  The  central 
section  of  the  girder  may  be  made  up  as  shown  in  Fig.  69- 


32  cross   girders    and  distributmg 

girder,  1-54  X  32   = 

132- 

Ballast  and  plates,  130  x  27-5  X  "2240  ~ 

130  ^  400 
Permanent  way,  -g-  X  2240"  •    •    •  — 

Eunning  load  on  2  lines  of  railway, 
130  X  2-5  = 
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S.6. 


■'••5x5x«/* 


The  four  angle  irons  are  each  5  inches  by  5  inches,  by 
I  inch  thick,  with  an  area  of 
7^  square  inches.  There  are 
six  plates,  five  being  f  inch 
thick,  and  the  outside  one 
^  inch  thick,  for  the  top  flange. 

There  will  be  four  rows  of 
rivets.  The  bottom  flange  may 
be  made  up  of  two  angle  irons 
6  inches  by  6  inches,  by  f  inch 
thick,  four  |-inch  plates,  and 
two  ^-inch  plates.  In  these 
large  angle  irons  the  zigzag  of 
the  rivets  can  be  taken  into 
account  in  determining  nett 
area;  only  one  hole  is  de- 
ducted in  each  angle  iron.  The  arese  wiU  now  be,  dropping 
the  fractions — 

For  top  flange. 
4  Angle  irons  5"  x  5"  X  f"=  30  square  inches. 
6  Plates        30"  xr  =112 
1     „  30"  Xi"  =15 


Fig.  69. 


Total  sectional  area 
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For  bottom  flange. 
2  Angle  irons  (6"  -  1")  X  6''  X  i  =  16  square  inches. 
4  Plates         (30"-4")xr  =78 
2     „  (30"-4")Xi"  =26 

Total  nett  area  " 

The  reduction  of  the  area  in  proportion  to  the  strain 
must  now  be  considered.    It  is  evident  that  this  reduction 
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must  be  made  to  the  extent  of  one  plate  at  a  time ;  hence 
we  must  find  at  what  points  the  plates  may  terminate.  As 
from  the  ordinary  formula  the  strain  and  area  at  any  point 
can  be  determined,  so  by  inverting  the  formula  the  point 
corresponding  to  a  given  sectional  area  can  be  found.  The 

formula  for  strain  at  any  point  is  S  =       —  Let  a 

—  area  at  any  point  in  square  inches,  then  for  top  flange 

lad    ,   ,  2 

;  but  a;  —     will  give  a  minus  quantity,  ox  x^  —  lx 

—  ^'^^    a;i^-  ^"^ 

—  •    -f^^cuiig  ^  to  each  side  of  the  equation,  x'  —  lx 

7  ad  I  , 

■T"^  ^—"2  18  the  square  root  of  x^  —  lx 

+  I,  therefore  ^  -    =  ±  a  A  -  The  double 

4  2  V     4  w 

sign  +  is  used,  as  the  square  root  may  be  either  plus  or 
minus,  for  like  signs  multiplied  together  make  plus ;  thus 

V  y.v  =  v^,  also  —  v     —  v  =  v^.    To  proceed,  a;  =  ^~  ± 


—        for  the  top  flange. 


\/  4  w 

It  is  evident  that  distance  from  the 

centre  of  the  span  to  the  point  on  either  side  corresponding 
/n  Tad 

to  area  a ;  hence  2       -  —  — — .  will  be  the  length  of  plates 

terminating  at  those  points.  CaU  L  this  length,  then 
starting  at  the  centre  with  157  inches,  when  the  top  plates 
stop  the  area  remaining  will  be  157  —  (30"  x  i)  =  142 
square  inches ;  therefore  for  the  top  row  of  plates,  L,  = 

2  /W~Ta'd  

V  4  ~  "wT  =  2  \/4225-27-38  .  «  =  37  feet  (dropping 
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fractions),  wliich  will  he  the  total  length  of  the  top  row  of 
plates.  Deducting  the  sections  of  the  other  plates  in  rota- 
tion, we  get  the  length  of  each  row;  thus  142  —  22-5  = 
119-5  =  02;  2  x/4225  —  27-38     =62  feet;  119-5  — 

22-5  =  95  =  ^jfg  ;  Lg  =  2  ./4225  —  27-38  a.^  =  80  feet ;  95 
—22-5  =  72-5  =  ;  =  2  ^4225  —  27-38  .  =  95  feet ; 
72-5  —  22-5  =  50  =  «5 ;  L5  =  2  ^4225  —  27-38  =  107 
feet.  This  brings  us  down  to  the  last  plate,  which  must,  for 
the  continuity  of  the  structure,  be  carried  the  whole  length 
of  the  girder ;  we  may,  however,  reduce  the  angle  irons  by 

1  inch  in  their  thickness;  50  —  10  =  40  =  a^.     Lg  = 

2  V4225  —  27-38  .  a  =112  feet  for  the  fuU  section  of  the 
angle  irons.  It  is  hardly  worth  while,  however,  to  alter 
the  section  for  the  small  length  remaining. 

7 

For  the  bottom  flange,  instead  of       ,  "we  shall  have 

9  ad      -    .  . 

and  L  =  2\/4225  —  35-2  .  a.  Begmmng  at  the  bottom 

plate,  120  —  13  =  107  =  a  ;  Lj  =  2  ^4225  —  35-2  .  a  = 
43  feet ;  107  —  13  =  94  =  ;  L2  =  2  -v/4225  —  35-2  = 
61  feet;  94— 19-5  =  74-5  =  «2  ;  Lg  =  2  ^4225— 35-2  .  = 
80  feet ;  74-5  —  19-5  =  55  =  «^ ;  L^  =  2  ^4225  —  Sf2~a^ 
=  96  feet ;  55  —  19-5  =  35-5  =  ;  Lg  =  2^/4225— 35-2 
=  109  feet.  From  here  the  section  will  run  to  the  ends 
unaltered. 

The  lengths  of  cover-plates  must  now  be  determined. 
Top  flange  : — The  ^-inch  plate  has  a  strength  of  15  square 

52'5 

inches X  3-5  tons  =  62-5  tons.         —  13-125  square  inches 

of  rivet  area.  The  rivets,  being  1  inch  diameter,  have  each 

13-125 

an  area  of  -785  square  inch;  ~."ygg-  =  17  rivets  in  each  lap. 
There  are  four  rows  of  rivets  ;  hence  there  will  be  5  rivets 
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in  eacli  row,  and  the  length,  of  joint-plate  on  each  side  of 
the  joint  will  be  4  inches  pitch  x  5  =  20  inches.  The 

^  ^     78-75  _ 

strength  of  f-inch  plate  is  22-5  x  3-5  =  78-75;  — |  

19-69 

19-69  square  inches  of  rivet  area;  .^g^    =  26  rivets.  There 

wiU  be  7  rivets  in  a  row,  equal  to  28  inches  length  on  each 
side  of  joint.  To  save  in  the  cover-plates,  the  joints  where 
possible  should  be  brought  together,  as  shown  in  Fig.  70, 
where  joints  of  the  five  f-inch  plates  are  shown  following 
one  another ;  the  ^-inch  plate  has  its  joint  further  on.  a  b 
is  the  cover,  2  feet  4  inches  x  6  =  14  feet  long,  2  feet 
6  inches  wide,  and  f  inch  thick. 
Angle-iron  Covers. — Strength  of  angle  iron  7*5  x  3-5  = 


rig.  70. 

26-25 tons;  =  6-56  square  inches  rivet  area; 

4  "7  oQ 

=  9  rivets,  4  in  one  row  and  5  in  the  other,  making  the 

total  length  3  feet  4  inches  for  both  sides  of  the  joint. 

Now  for  the  bottom  flange,    ^-inch  plates,  strength  13 

58-5  .    ,       .  , 

X  4-5  =  58-5  tons ;  — ^  =  14-62  square  inches  rivet  area  ; 

=  19  rivets,  four  rows  of  5  rivets  each  on  each  side 

of  the  joint,    f-inch  plates,  strength  19-5x4-5  =  87-75 

jjH.iTc  21*94 
tons;  =  21-94  square  inches  rivet  area;  -irrrr  = 

4  'loo 

28  rivets,  or  7  rivets  in  each  row  on  each  side  of  joint. 

36^ 

Angle  irons,  strength  8  X  4-5  =  36  tons ;  ^  tons  =  9  square 
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inclies  rivet  area ;  =  12  rivets.  We  shall  have  on  each 
side  of  the  joint  13  rivets,  7  in  one  row  and  6  in  the 
other. 

The  ends  of  the  girder  will  be  finished  by  i-inch  end- 
plates  running  down  and  attached  to  the  web  by  3-inch 
angle  irons,  i  inch  thick. 

In  these  calculations  it  is  to  be  remembered  that  the 
span  is  the  effective  span  measured  from  centre  to  centre  of 
the  bed-plates. 

Among  the  detailed  drawings  should  be  furnished  a 
diagram  to  a  distorted  scale,  showing  the  distribution  of 
plates  in  the  flanges,  with  the  lengths 
of  all  plates  and  their  thicknesses 
clearly  written  on,  or  the  lengths, 
breadths,  and  weight  per  lineal  foot. 
The  plates  should  not  exceed  20  feet 
in  length,  and,  in  fact,  that  will  be 
a  great  length  for  the  plates  we  are 
dealing  with,  but  for  convenience  of 
making  the  joints  they  cannot  be 
much  less. 

The  effective  depth  of  the  girder 
has  been  taken  as  10  feet  10  inches  ;  C 
this  will  bring  the  depth  between 
the  flanges— that  is,  the  depth  of  the 
■^eb — to  10  feet  8  inches.  This  web 
will  be  of  plates  10  feet  8  inches 
long,  4  feet  wide,  jointed  by  tee-iron 
stiffeners  on  each  side,  turned  round  at 
bottom  to  stiffen  the  flanges  and  connect  the  cross  girders 
with  the  main  girders,  as  shown  in  Fig.  71,  in  cross  section 
of  main  girder  at  A.    B  is  a  horizontal  section  at  h  b. 

At  the  ends,  where  the  load  is  delivered  on  to  the  places 
of  support,  the  web  must  be  strengthened  by  stiffeners,  so 


^[T  'J 

Fig.  71. 

the  top  and 
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as  to  lorm  end-piUars,  as  it  were,  on  which  the  load  can 
be  sustained.  The  whole  load  carried  by  the  girder  is 
360-5  tons,  or  180-25  tons  at  each  end,  requiring  in  the  end- 
pillar  an  area  to  be  determined  by  the  formula  for 
columns.  Let  the  stiffening  be  made  by  vertical  plates 
attached  to  the  web  and  flanges  by  angle  irons  turned 
round  like  the  tee  irons,  and  let  the  horizontal  section  be 
as  shown  at  C,  where  e  is  the  web,  and  /the  end-plate,  g  g 
being  the  plates  making  up  the  pillar,  attached  by  angle 
irons  hhh. 

If  a  sandstone  bed  is  used  upon  which  to  rest  the  end  of 
the  girder,  we  find  that  its  working  strength  in  the  table 
is  i  ton  per  square  inch  ;  hence  the  top  area  of  bedstone 
180-25 

will  be  at  least  ~;25~  =  "^^l  square  inches,  or  5  square 

feet.  But  beir«ath  this  the  masonry  is  jointed ;  so  I  should 
allow  in  this  case  4  feet  length  of  bearing,  so  as  to  get 
10  feet  bearing  surface  on  the  bottom  of  the  girder,  and 
for  the  length  of  bearing  a  bed-plate  to  be  described  sub- 
sequently will  be  used.  The  web  is  subject  to  stress 
peculiar  to  itself ;  hence  I  shall  not  include  the  web  area 
over  the  bearing  surface  in  the  effective  sectional  area  of 
the  end-pillar.  This  pillar  will  be  4  feet  by  2  feet  6  inches 
over  all  in  plan,  and  10  feet  8  inches  high ;  hence  its  height 

10'67 

divided  by  its  least  diameter  is  ^7g-  =  4-27.  The  multi- 
plier for  tee  irons  includes  1 9  tons  as  ultimate  strength,  but 
this  pillar  being  built  up  of  plates,  I  shaU  take  17  tons, 
and  for  working  value  3-5  tons;  then  applying  the  formula, 
the  strength  of  the  pillar  per  sectional  inch  is  found  to 
3'5 

be   =  3-43  tons.    The  sectional  area  requisite 

1  -j-iifll 
900 

.„  ,      ,      ,    180-25  .  , 

wul  therefore  be  =  52-5  square  inches. 
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The  end  angle  irons  contain  6  inches,  the  end-plate 
15  square  inches.  If  the  angle  irons  hhh  are  3  inches 
by  3  inches,  by  f  inch  thick,  the  eight  will  contain  18  square 
inches,  leaving  52-5  —  (6  +  15  +  18)  =  13-5  square  inches, 
to  be  made  up  by  the  plates  g.  Let  each  of  these  be  made 
10  inches  wide  by  f  inch  thick ;  this  wiU  give  an  area  of 
15  square  inches,  a  slight  margin  over  what  is  required. 

Next,  as  to  the  thickness  of  the  web.   The  shearing  area 

.„  ,    180-25  _  ,c  AR 
required  at  the  point  of  support  will  be  — ^  lo-uo 

square  inches,  corresponding  to  0-35  inch  thickness  of  web. 
The  web,  however,  will  be  made  ^  inch  thick  at  the  ends, 
and  reduced  to  f  inch  at  the  centre.  The  middle  third  wiU 
be  f  inch,  i  on  each  side,  re  inch,  and  the  ends  J  inch ; 
these  divisions  coming  thereabouts  so  as  to  fit  the  joints. 
The  rivet  area  required  at  the  end  joints  is  45-06  square 

inches  =         =  58  rivets;  but  each  rivet  is  in  double 
'7o5 

shear,  hence  29  rivets  only  will  be  required.  At  4-uich 
pitch  this  requires  a  length  of  joint  29  X  4  =  116  inches. 
The  web  is  128  inches  deep,  leaving,  if  we  deduct  the  angle- 
iron  depths,  a  length  to  which  to  rivet  the  tee  irons  equal 
to  128  —  (5  -f  6)  =  117  inches. 

I  will  next  determine  the  strength  of  tee  irons  necessary 
to  resist  the  lateral  pressure  of  wind  on  the  main  girder, 
taking  this  pressure  at  50  lbs.  per  square  foot.  The  point 
at  which  the  tee  irons  are  most  strained  is  just  at  the  top 
of  the  cross  girders,  16  inches  above  the  bottom  flange, 
9  feet  8  inches  from  the  top  of  the  girder.  Each  stiffener 
carries  a  length  of  4  feet  of  girder,  and  the  mean  leverage 
is  half  9  feet  8  inches,  or  58  inches ;  hence  the  moment  of 

.-,1  V    9-67  X  4  X  50  X  58  .    ,    ,  ^vx. 

strain  will  be   2240   ~  ^ 

stiffener  will  act  as  a  cantilever,  being  of  the  section 
shown  in  Tig.  72.   I  neglect  the  web  in  the  calculation  of 
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strengtli,  and  put  the  whole  work  on  the  stiffener.  The 
ordinary  formula  for  the  moment  of  resistance,  M  =  — g—  > 

will  he  used,  s  being  taken  at  4  tons. 

First  we  will  ascertain  the  moment  of  the  parts  resting 

against  the  web  a  a ;  leaving  the  vertical  limbs  intact, 

deducting  the  rivet  holes,  and  taking  the  thickness  all 

through  at  f  inch,  the  breadth  wUl  be  6  —  (2  +  -75)  = 

3    ,  ^   Tir     sld''      4  X  3-25  X  (V6f 
3-25  =  5;  (?  =  2  X  1=1-5;  M=—^=—^^  ^  ^ 

=4'  875  inch  tor.s.  The  strength  required  in  the  vertical  limbs 
will  be  50  —  4-875  =  45-125  inch  tons.    The  strength  of  the 

4  X  5  X 

vertical  limbs  together  will  be  M  =:  45*125  =   1;  

4  X  '75  X  d'^   

=   ^-^ —  ;  .-.  d"'  =  90-25  ;  d  —  ^90-25  =  9-5  inches. 

So  each  tee  iron  must  be  4|  inches  deep  to  give  the  re- 
quired strength.    This  is  not  counting  at 
^      aU  upon  the  rigidity  of  the  girder  itself. 

^_          '^/^,    The  pressure  of  wind  I  have  taken  is  that 

i  \    assigned  to  a  tornado,  so  should  represent 

^^-—p  II  maximum. 

]_  Sn^  Next  let  us  see  if  the  girder  is  strong 

enough  to  resist  the  lateral  pressure,  re- 
garding it  as  held  at  each  end,  and  carry- 
°'    '        ing  the  wind  as  a  distributed  load. 
The  total  wind  pressure,  assuming  it  to  blow  at  an  angle 
to,  and  act  on  the  whole  exposed  surface  of,  both  girders, 
would  be  32  tons  on  the  outside  girder,  and  25-6  on  the 
inside  girder,  making  in  all  57-6  tons.    In  resistance  to 
this  force  thie  bridge  acts  as  a  girder  ,of  which  the  floor  is 
the  web,  and  the  main  girders  are  the  flanges ;  hence  the 
effective  depth  is  27  feet  6  inches,  and  the  strain  on  either 
57*6  1.30 

girder  will  be  "8^27^  ~  ^         nothing  on  the 
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flange  arese  provided.  As  to  the  stability  of  tlie  super- 
structure against  overturning  bodily  on  its  bearings,  the 
wind  force  by  half  the  depth  of  the  girder  gives  an  over- 
turning moment  of  57'6  x  5*5  =  316-8  foot  tons ;  the 
moment  of  resistance  of  the  bridge  (its  weight)  without 
any  running  load,  multiplied  by  half  its  mean  width,  is 
198  X  13-75  =  2722-5  foot  tons,  being  about  nine  times 
the  overturning  moment. 

Having  made  our  girder  sufficiently  strong  to  meet  all 
strains,  according  to  the  data  taken,  we  must  see  how  its 
weight  accords  with  that  assumed.  The  weights  are  easily 
calculated  if  we  bear  in  mind  that  1  square  inch  of  wrought 
iron  a  foot  long  weighs  3J  lbs.,  and  1  square  foot  weighs 
10  lbs.  for  every  J  inch  of  thickness.  I  will  now  take  out 
the  weight  of  one  main  girder,  or  rather  that  part  included 
in  the  effective  span,  neglecting  fractions : — 

ft.  lbs.  lbs. 

130'-0"x  4  =  520    5"  X  5"  angle  irons  @  25  =13000 

130-0  X  2  =  260    6  x  6      „       „  @  30    =  7800 

67    5  X  5      „    covers  (S  25   =  1675 

47    6  x  6      „       „  (g)  30    =  1410 

800    6  x4|  tee  iron  (®  26-8  =  21440 

174  30  X  J  plates  @  60   =  8700 

23  30  x|  covers  @  50    =  1150 

889  30  X I  plates  @  75  =66675 

106  80  X I  covers  @  75    =  7950 

130  lOfx     web  @  186-7  =  24271 


154071 

Add  for  rivet  heads  5  per  cent  .  7703 


161774=72-22  tons. 


The  weight  we  found,  by  using  the  table,  was  72-15  tons 
per  girder,  so  the  actual  weight  comes  out  with  what  may 
be  termed  an  accidental  exactness,  the  difference  being 
inappreciable.  So  far,  then,  our  design  is  satisfactory,  and 
drawings  may  be  prepared  in  accorda-io-e  with  the  calcula- 
tions.   The  floor  plates  may  be  any  convenient  size,  say 


166 


MATERIALS  AND  CONSTRUCTION. 


i  3 

f—  12 


Fig.  73. 


3  feet  6  inches  by  3  feet,  joined  by  strips  5  inches  wide  and 
^  inch  thick  ;  the  buckled  plates  to  have  a  rise  of  3  inches, 

and  be  ^  inch  thick; 
rivets  in  buckled  plates 
to  be  f -inch  diameter, 
and  the  plates  to  be 
fastened  to  the  cross 
girders,  as  shown  in 
Fig.  73.  a  a  are  the 
buckled  plates  fastened 
to  the  cross-girder  top  flange  by  the  |-inch  rivets  c,  c, 
thus  avoiding  any  interference  with  the  rivets  used  to  join 
up  the  cross  girder.  The  cross-girder  cover-plates  may  be 
put  over  the  buckled-plate  fillets  if  convenient,  the  6"  inches 
between  being  made  up  with  packing. 

The  camber  to  be  given  to  the  main  girder  will  be  — 

^  40 

=  3-25  inches ;  to  obtain  this  the  bottom  flanges  may  be 
made  slightly  shorter  than  the  top,  the  web  plates  being 
cut  to  a  corresponding  taper.  From  the  ordinary  formula 
the  radius  of  the  curve  taken  by  the  girder  is  found.  If 
E  =  radius,  I  —  chord  of  arc,  and  v  —  versine,  or  rise, 

3-25 

_  _(130)2  _ 
3-2^' 
»X-12- 

ratios  of  the  lengths  of  the  flanges  will  be  as  the  radii  of 
the  bottom  and  top  of  the  girder.  Keeping  the  bottom 
flange  130  feet,  the  top  wiU  be  130  xl788  +  10;66_ 

130-18  ft.  =  130  ft.  2-16  inches.  The  extra  length  of 
the  top  flange  entails  for  exact  workmanship  a  slightly 
longer  pitch  of  rivets,  which  can  easily  be  got  by  making 
proper  templates  for  marking  the  plates  from.  These 
templates  are  strips  of  wood  drilled  where  rivet  holes  are 


^  2 


1  9 

f  ^f-  =  7788  feet  nearly ;  the 
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to  come  in  the  plates,  these  strips  being  clamped  on  the 
plates;  the  positions  of  the  rivet  holes  are  marked  through 
the  holes  in  the  strips  by  a  stump  of  proper  diameter 
dipped  in  whitelead.  On  a  ten-foot  strip  for  the  bottom 
flange  there  will  be  thirty  holes,  and  for  the  same  number 
in  the  top  flange  the  length  of  strip  will  be  10  ft.  1-45 
inches,  say  10  ft.  1^  inches,  which  is  to  be  divided  up 
into  thirty. 

The  expansion  and  contraction  of  iron  bridges  in  England 


Fig.  74. 


have  been  found  to  amount  to  f  inch  in  100  feet;  hence 
in  the  above  girders  it  may  reach  0-87  inch.  In  order  to 
permit  free  movement  longitudinally,  one  end  of  each  main 
girder  is  carried  on  rollers,  which  in  this  case  may  be 
3  inches  diameter  of  wrought  iron,  between  cast-iron 
plates,  of  which  the  bottom  one  is  fixed  on  the  pier,  the 
top  one  carrying  the  end  of  the  girder.  The  rollers  have 
on  each  side  a  frame  to  keep  them  at  their  proper  distances 
apart,  say  4  inches  centre  to  centre;  10  roUers  may  be  used. 


168 


MATERIALS  AND  CONSTRUCTION. 


The  other  end  of  the  girder  has  plaia  bearing  plates.  It 
is  obvious  that  when  a  girder  deflects  its  extreme  end  will 
be  tilted  up  on  the  pier,  so  that  it  will  bear  chiefly  on  the 
edge  of  the  bed-plate ;  to  avoid  this  and  insure  uniform 
bearing,  the  bed-plates  are  formed  as  shown  in  Fig.  74, 
where  A  is  a  longitudinal  section  of  the  expansion  bearing. 
The  end  G  of  the  main  girder  is  fastened  on  a  plate 
capable  of  oscillating  on  the  lower  plate  B,  which  rests  on 
the  rollers,  carried  on  the  bottom  bed-plate  H.  At  C  some 
of  the  rollers  are  shown  to  a  larger  scale,  eeis  one  of  the 
side  bars,  having  notches  to  receive  pins  in  the  ends  of  the 
rollers.  These  side  bars  are  held  at  their  proper  distance 
apart  by  distance  bars,  /,  secured  by  screw  nuts.  The  top 
bed-plate  is  bolted  to  the  bottom  of  the  girder,  the  bottom 
one  fastened  to  the  bedstone  by  lewis  or  rag  bolts,  of  which 
one  is  shown  at  I;  these  bolts  are  run  in  with  lead  or 
sulphur,  to  fix  them  in  the  stones. 

At  the  fixed  end  the  bed-plate  B  rests  directly  upon  the 
lower  one  H.  In  both  sets  of  bearings  the  plates  must  be 
planed,  the  curved  surfaces  shaped,  and  the  rollers  for  the 
movable  end  turned  accurately  to  gauge. 

The  specification  must  be  prepared  to  accompany  the 
drawings,  and  in  this  will  be  the  tests  of  materials  and 
character  of  workmanship  stipulated  for,  as  well  as  mode 
of  payment,  &c.;  the  following  particulars  refer  to  the 
former  part : — 

Cast  Iron. — The  cast  iron  to  be  clean  and  free  from  cinder, 
presenting  a  grey  granular  fracture.  Its  tensile  resistance 
to  be  not  less  than  7^  tons  per  sectional  square  inch.  Test 
bars  to  be  made  from  each  cast,  3  feet  6  inches  long,  1  inch 
wide,  and  2  inches  deep ;  these  bars,  being  supported  on 
bearings  3  feet  apart,  are  not  to  break  under  a  less  central 
load  than  30  cwt.,  and  their  deflection  under  a  central  load 
of  6  cwt.  is  not  to  exceed  ^th  of  an  inch. 

All  columns  to  be  cast  vertically,  with  a  head  sufficient 
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to  produce  a  sound  casting  free  from  Wow-holes  and  other 
imperfections,  and  in  no  case  less  than  2  feet  in  height. 

All  bolt-holes  in  the  flanges  and  lugs  of  cast-iron  work 
to  be  drilled  true  to  template  and  to  fit  the  bolts. 

Wrought  Iron. — All  plates,  bars,  angle,  and  other  wrought 
iron  to  break  under  a  strain  not  less  than  22  tons  per  sec- 
tional square  inch ;  its  fracture  to  be  fibrous,  and  free  from 
any  appearance  of  crystalline  nature ;  nor  is  any  lateral 
separation  of  the  iron  to  be  visible  except  at  the  place  of 
fracture.  The  extension  of  the  iron  previous  to  fracture  is 
not  to  exceed  f  inch  per  foot  of  length,  nor  to  be  less  than 
I  inch  per  foot.  The  joints  of  aU  plates  are  to  be  planed 
so  as  to  butt  truly,  the  planing  being  done  by  a  planing 
machine,  and  not  by  a  rotary  cutter. 

All  rivets  to  have  ample  allowance  for  making  the  head, 
in  no  case  less  than  diameters,  and  the  rivets  to  be  solidly 
closed  so  as  to  fill  the  rivet  holes ;  if  collars  form  at  the 
edges  of  the  rivets,  they  are  not  to  be  cut  off. 

All  bolts  and  screws  to  be  made  solid-headed,  and  the 
threads,  as  weU  as  those  of  the  nuts,  to  be  chased  with 
proper  chasing  tools,  and  the  bodies  of  the  bolts  turned ; 
no  die-cut  threads  or  ground  bolts  to  be  used.  The  heads 
and  nuts  to  bear  fairly  and  evenly  on  the  work,  and  the 
bolts  to  be  so  proportioned  that  when  broken  by  longitudinal 
test  strain,  the  fracture  shall  occur  in  the  body  of  the  bolt, 
and  not  by  the  head  pulling  off,  or  the  thread  of  the  bolt 
or  nut  stripping. 

The  rivet  holes  are  to  be  either  drilled  from  the  solid,  or 
punched  ^  inch  less  than  the  size  of  the  finished  rivets,  and 
then  drilled  out  to  the  full  size,  preferably  by  a  pin  drill. 
AU  sharp  edges  round  the  rivet  holes  to  be  taken  off. 

These  few  general  remarks  will  show  the  nature  of  the 
stipulations  to  be  made,  but  the  actual  amounts  of  test 
weights  will  be  varied  according  to  the  nature  of  the  work 
and  the  locality  of  manufacture :  it  is  useless  to  specify 
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that  whicli  cannot  he  obtained,  but  care  must  be  taken  to 
calculate  tlie  structure  for  materials  of  such  strength  as 
may  reasonably  be  had,  and  the  specification  drawn  accord- 
ingly, and  rigorously  enforced. 

I  have  taken  this  example  to  illustrate  the  practical 
method  of  calculating  structures  generally,  for  I  have  found 
students  who  have  acquainted  themselves  with  the  theories, 
at  a  loss  in  actually  applying  them,  not  clearly  seeing  how 
the  details  are  to  follow  on  in  proper  sequence,  or,  per- 
haps, not  knowing  exactly  where  to  begin ;  but  it  is  hoped 
that  this  one  example  wiU  serve  for  all,  the  general  pro- 
cesses being  similar,  the  differences  merely  occurring  in 
details. 

I  must  now  turn  briefly  to  the  testing  of  structures,  such 
as  iron  bridges,  when  erected  complete.  Great  care  must 
be  taken  in  the  erection  to  prevent  any  imdue  straining  or 
wrenching  of  any  of  the  parts  in  lifting,  or  when  in  place. 
A  competent  man,  acquainted  with  the  character  of  the  strain 
for  resistance  to  which  the  work  is  designed,  should  be  in 
charge  of  the  erecting,  for  a  serious  and  permanent  damage 
may  be  done  to  a  well-designed  and  soundly  executed 
structure  through  the  blundering  of  an  ignorant  person  at 
this  stage,  and  unfortunately  such  injury  may  not  be  dis- 
covered or  even  suspected  until  it  is  made  evident  by 
tailing,  or  apparent  weakness  calls  attention  to  it. 

The  deflection  of  a  riveted  or  otherwise  built-up  structure, 
in  my  opinion,  is  not  a  conclusive  test  as  to  its  strength ; 
so  much  of  the  rigidity  will  depend  upon  the  quality 
of  the  riveting,  that  the  gross  result  cannot  be  regarded 
as  a  test  of  the  quality  of  the  material,  nor  can  we  deter- 
mine what  to  attribute  to  workmanship,  and  what  to  metal. 
This  test  is  accepted,  then,  as  a  negative  one,  showing, 
where  satisfactory,  that  the  structure  is  not  to  be  con- 
demned, but  not  proving  that  it  is  perfect.  This  test,  to 
be  of  any  value,  should  extend  over  some  time.  Directly 
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a  work  is  completed,  and  before  any  load  comes  upon  it, 
the  relative  level  to  some  fixed  mark  should  be  determined, 
then  the  effect  of  the  first  load  coming  on  it  noted,  and  the 
set  taken  from  time  to  time  to  observe  if  there  is  any 
increase  in  the  permanent  deflection.  It  should  also  at 
intervals  be  tested  to  see  if  a  given  load  passing  on  to  or 
over  it  causes  always  the  same  deflection ;  from  such  tests 
we  can  determine  whether  the  work  is  permanent,  or  if  it 
be  gradually  deteriorating.  The  maximum  load  should 
not  in  the  first  instance  be  put  on  at  once,  but  gradually, 
so  as  to  allow  the  joints  to  take  their  bearings  steadily, 
and  without  any  sudden  shock  or  jar,  which  would  act 
like  a  blow,  and  so  tend  unduly  to  strain  or  wrench  some 
part  of  the  work. 


I  2 


CHAPTEE  Xin. 


ECONOMICAL  PEOPORTIONINa  OF  STRUCTUEES. 

In  all  structures  it  is  necessary  to  study  economy  of  cost, 
as  in  other  matters ;  hence  we  must  not  be  contented  with 
merely  determining  how  to  proportion  our  materials  to 
such  strains  as  may  occur,  hut  must  examine  the  varia- 
tions of  strain  due  to  different  proportions  in  the  main 
dimensions  of  the  work  intrusted  to  our  charge.  In 
many,  perhaps  the  majority  of  instances,  circumstances 
determine  the  ratio  of  depth  to  span,  and  other  dimensions 
may  also  be  strictly  limited ;  but  in  order  that  they  may 
be  applied  where  possible,  the  most  economical  ratios 
should  be  determined. 

Let  us  consider  the  ratio  of  span  to  depth  of  a  plate 
girder.  As  the  depth  increases,  the  strain,  and  therefore 
the  arese  and  weights,  of  the  flanges  will  decrease :  it  has, 
however,  been  seen  that  certain  requirements  of  manufac- 
ture fix  the  thicknesses  of  web  in  excess  of  the  theoretical 
thickness,  since  within  certain  limits  the  weight  of  the  web 
of  a  girder  of  given  span  will  increase  in  direct  ratio  to  the 
depth  of  girder.  The  term  web  here  includes  the  stiffeners 
and  appendages  that  practically  constitute  part  of  the  web 
structure. 

If,  then,  the  flanges  diminish  as  the  web  increases  in 
weight,  and  vice  versa,  it  stands  to  reason  that  there  must 
be  some  ratio  of  depth  to  span  corresponding  to  a  minimum 
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total  weight,  and  it  is  for  this  ratio  that  we  now  seek  an 
equation,  and  in  so  doing  we  shall  not  be  restricted  to 
parallel  flanged  girders,  but  if  necessary  make  the  girder 
of  varying  depth. 

Let  1=.  span  in  feet ;  d  —  depth  in  feet ;  w  —  load  per 
lineal  foot  in  tons;  s  =  direct  resistance  of  iron  in  tons 
per  square  inch  (mean  resistance) ;  a  —  sectional  area  of 
both  flanges  in  square  inches  ;  a'  —  vertical  sectional  area 
of  web  (including  allowance  for  stifleners,  &c.)  in  square 
inches ;  t  —  thickness  of  web  in  inches ;  A  =  total  area  of 
web  and  flanges. 

The  weights  of  the  parts  will  vary  directly  as  their 
sectional  areae,  therefore  the  ratio  giving  the  minimum 
total  area  will  also  correspond  to  the  minimum  total 
weight.  For  the  area  of  both  flanges  the  general  formula 
for  strain  must  be  multiplied  by  2,  then  at  any  point 

distant  x  from  a  point  of  support,  a  —       —  Also, 

a' =  12  dt;  hence  «  +     =  A  = +  12  z5 

ds        d  s 

Here  we  find  the  positive  quantity  +  12  and  the 
negative  —         varying  with  d,  and  it  is  evident  that  if  a 

point  is  reached  where  the  value  of  A  is  a  minimum,  and 
about  to  change  from  the  descending  to  the  ascending 
value,  making  the  increment  of  d  very  smaU,  the  increase 
of  the  two  qualities  must  be  equal.  Let  /be  an  indefinitely 

small  increment  of  d,  then  Ai  =  \.  \2t{d-\-  f) 

wlx  *(^+/) 
~s  {d  +  f)'  ^^^^^^^^S  tliese  from  the  former  values,  and 

equating  the  differences  of  the  positive  and  negative  quan- 
tities, we  get — 

d.s    s{d+/)  \  -rjj     s{d  +  f)  d.s 
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•   12  iJ/ =  -Lf.  /     —  _f  \—Jzlz(^J:  

S    [d       d+f)  S     U+7      d)~     S  ^ 

j->  ,    7  >—  X  „  /  ^       But  as  /  is  taken  indefinitely 

d-  +  df       s        d^  +  df 

small  in  relation  to  the  value  d f,  as  compared  with,  d^, 
may  be  neglected ;  hence,  dividing  both  sides  of  the 

equation  by  /,  we  find  12  t-^~^  —  ^^.  Multiplying 

S  *  (a/         S  *  (v 

both  sides  hy  d,  12  td  =  '^—  ^-ll^  or  a'  =  a.  Hence 

s  d       s  d 

the  sum  of  the  arese  of  the  flanges  will  equal  the  area  of  the 
web  section  when  the  weight  of  the  whole  is  a  minimum. 
From  the  foregoing  equations  the  value  of  d  at  any  point 

may  be  found,  for  12  i5  =  ^LL±  •      ^  =  _ 

sd-"       sd^    '  12.  s.d' 

and  ^  =  -J^^l  =  ; 

12.  s.d^'  12.^.5       12.  ^.s^  ^' 

^  —  J  2 — —  0-  Changing  the  sign  brings  this  to 
a  rational  quantity  without  altering  the  value  of  the  differ- 
ence between  x  and  I,  and  d  =  \/    ^  ^ —  (I  —  x). 

V    12  .t . s 

A  comparison  of  this  equation  with  those  given  in  any 
text-book  on  conic  sections  will  show  that  the  variations 
of  d  coincide  with  the  ordinates  to  a  semi- ellipse,  of  which 
the  span  of  the  girder  is  the  major  diameter.  Determining 
then  the  depth  at  the  centre,  and  drawing  by  any  ordinary 
graphic  method  a  semi-ellipse,  the  most  economical  form 
of  the  girder  is  obtained ;   the  depth  at  the  centre  is 

found  by  making  x  =  -L  when  d  -  \/ (l  —  -  )= 
^  V    24 . 5 .  s  \  2' 

\/  \i~.  t.s 

Assuming  now  that  the  girder  is  to  be  made  semi- 
elliptical  in  elevation,  the  formula  for  the  strain  at  any 
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point  will  be  found  by  inserting  the  value  of  d ;  thus,  if 
S  =  strain  on  either  flange, 

^_'W   wl  X    w{3?  —  Ix)  g2        uo  {x^  —  Ix) 

~  Td     YJ  ~/~wx     ,  4 

2V  12".  ^7^'^''"^'*  12.^.5 
—  ^iw.t.sia?  —  Ix),  and  S  =\/3  w  .t .  s  {a?  —  Ix). 

The  next  point  to  be  considered  will  be,  in  the  web  of 
the  lattice  or  triangular  girder,  to  determine  the  most 
economical  angle  at  which  to  place  the  bars. 

Taking  all  the  bars  to  be  at  the  same  angle  with  the 
horizon,  the  length  of  a  bar  will  be  the  square  root  of  the 
sum  of  the  squares  of  the  depth,  and  half  the  base  of  a 
triangle  ;  thus,  if  5  =  distance  between  the  apices  of  two 
triangles,  and  d  —  depth  of  girder,  and  L  =  length  of  a 

lattice  bar,  then  L  =        ^      +  d^.  If  W  =  the  load  on 

any  lattice  bar,  and  S  =  the  strain,  S  =  W.  ^.  The  num- 

ber  of  lattice  bars  will  be   ,  where  I  is  the  length  of  the 

h 

girder.  The  sectional  area  of  the  lattice  bars  will  vary  as 
the  strain ;  hence  the  total  weight  of  the  web  will  vary  as 
the  strain  multiplied  by  the  length  of  one  lattice  bar, 

W  L 

and  by  the  number  of  lattice  bars,  or  will  vary  as  —~ 

X  L  X      =  ^.  Eeplacing  \2  by  its  value,  we  have 

b  do 

2  AV  Hs  for  any  particular  case  constant,  and  it  is  required 
to  find  the  relation  between  h  and  d  that  will  give  a 

minimum  value  to        +  f ^ .    Let  I  =  ad,  a  being  the 
^4id  0^ 

h    ,  d     a  d  ,    d      a  ,   1      yr.  , 
value  sought,  then  -r^-r       t-j  +  —j  —  t  "t  "  "® 
®'         4id     h      4d     ad     4  a' 
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either  increased  or  diminished  when  at  its  minimum  by 
an  indefinitely  small  quantity,  the  results  will  be  the  same, 
as  the  value  of  the  whole  expression  is  rising  on  either  side 
of  that  particular  value  of  a. 

Let  the  value  of  a  be  increased  by  /  for  one  side  of  the 
equation,  and  diminished  by  /  for  the  other  side,  then  the 

two  values  of  ^  +  i  will  be  ^-^^  +  — ]—?=  ^  T'^-\  — 

4a  4        a+f       4  a—f 

thorefore«i  +  ^<l±£+i  =     -  2/^ +/' +  4 . 

Ha+f)  4(«-/) 
is  indefinitely  small  compared  to  a,  P  is  so  much  smaller 

that  it  may  be  neglected :  hence  ^  ■\- f  o,  ■\- a 2/<?  4-4^ 

«  +  /  a—f 
.-.  2/a2  =  8/     =  4,  a  =  2,  and  h  —  2d;  and  if  half  the 
base  equal  the  depth,  the  lattice  bars  will  be  at  angle  of 
45  degrees  to  the  horizon,  which  is,  therefore,  the  most 
economical  angle  to  use. 

In  the  general  arrangement  of  a  structure  it  is  obviously 
desirable  to  carry  the  load  on  girders  passing  at  once  to 
the  points  of  support,  if  proper  proportions  for  such  girders 
can  be  got  in ;  thus,  by  putting  longitudinal  girders  under 
the  rails  of  a  railway  bridge,  the  weight  of  the  cross 
girders  is  saved,  and  also  that  part  of  the  sectional  area  of 
the  main  girders  required  to  carry  the  weight  of  the  cross 
girders.  And  similarly  a  road  bridge  on  longitudinal 
girders  will  require  less  material  than  if  it  be  carried  on 
cross  girders  resting  upon  main  girders. 

If  a  bridge  carrying  a  double  line  of  railway,  where  cross 
girders  are  necessarily  introduced,  be  supported  by  three 
instead  of  two  main  girders,  there  will  be  a  saving  in  cross 
girders,  as  the  strain,  and  therefore  the  sectional  area,  of 

72  73  p 

a  girder  varies  as      and  its  weight  as     x  ?  =       so  that 

d  da 

if  even  the  same  ratio  of  depth  to  span  is  kept  in  both 
cases,  the  weights  vary  as  P.    If,  however,  we  use  three 


ECONOMICAL  PROPORTIONS. 


177 


girders,  the  middle  one  must  be  kept  shallow  to  allow  the 
traffic  the  requisite  clearance,  and  this  generally  limits  the 
depth  of  the  centre  girder  to  4  feet  6  inches,  which  corre- 
sponds to  a  span  of  about  54  feet.  For  longer  spans,  the 
girders  being  deep,  the  bridge  must  be  widened,  so  as  to 
give  for  each  line  of  railway  14  feet  clear  width  as  against 
25  feet  for  the  two  lines  together.  Calling  the  width  of  the 
main  girders  2  feet,  we  shall  have  in  one  case  one  cross 
girder  27  feet  long,  against,  in  the  other  case,  two  cross 
girders  each  16  feet  long,  or  (27)^  =  729  against  2  x  (16)^ 
=  512,  a  saving  of  nearly  30  per  cent,  on  the  cross  girders. 

These  principles  of  economy  can  only  be  applied  as  far 
as  external  circumstances  wiU  permit  of  their  introduction, 
and  it  is  easy  to  conceive  cases  where  economy  of  con- 
struction may  be  advisedly  relinquished  to  secure  other 
advantages ;  but,  nevertheless,  it  is  highly  important  to 
know  what  are  the  most  economical  proportions  to  adopt. 

By  methods  similar  to  those  shown  above,  the  best  pro- 
portions of  span  to  height  in  viaducts,  and  other  ratios 
between  the  dimensions  of  various  structures,  may  with 
facility  be  determin&d. 
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In  contradistinction  to  those  elements  that  resist  the  forces 
to  whifli  they  are  opposed  by  their  strength,  stand  others 
which  by  their  masses  and  stability  maintain  the  positions 
assigned  to  them  by  the  designer. 

In  dealing  with  the  stability  of  a  work,  we  regard  it  as 
a  whole  or  solid  mass,  and  the  same 
assumption  occurs  in  dealing  with 
any  component  part  of  it. 

There  are  two  ways  in  which  a 
mass  may  fail  under  external  force, 
the  first  being  by  overturning  upon 
one  of  its  edges,  the  second  by 
sliding  upon  its  bed.  In  Fig.  75  let 
abed  represent  a  masonry  column 
10  feet  high  and  3  feet  square, 
resting  on  a  flat  bed  at  cd.  In 
order  to  upset,  this  column  must  be 
turned  about  one  of  its  edges  as  c.  Let  g  be  the  centre 
of  gravity  of  the  mass,  from  g  let  fall  the  vertical  line 
g  h,  cutting  cd  m  in,  then  the  leverage  with  which  the 
weight  of  the  mass  resists  the  overturning  moment  is 
c  m.  This  column  being  symmetrical  in  form,  its  centre 
of  gravity  will  be  at  its  centre  of  figure,  and  cm  =  i.cd. 
Let  the  material  of  which  the  column  consists  weigh 
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140  lbs.  per  cubic  foot,  then  the  weight  of  the  mass  =140 
X  10  X  3  X  3  =  12,600  lbs.  If  then  a  force  acts  at  P, 
say  5  feet  from  the  ground,  its  value  when  the  mass  is  on 

the  point  of  overturning  will  be  ^■^^^^ ^  ^  ^  —  3^780  lbs. 

u 

The  overturning  moment  and  that  of  stability  may  also  be 
compared  by  the  parallelogram  of  forces.  If  P  represents 
the  horizontal  pressure  against  the  mass,  produce  the  hori- 
zontal line  to  intersect  inj;  make/ A  equal  to  P,  and jl 
equal  to  the  weight  of  the  mass ;  complete  the  parallelogram 
f'hol,  then  JO  will  be  the  resultant  thrust  on  the  pillar;  if 
this  resultant  fall  outside  the  point  c,  the  mass  will  over- 
turn ;  but  if  it  fall  at  its  intersection  n  between  c  and  d,  the 
mass  will  be  stable.  For  safety  in  practice  this  point  is 
made  to  fall  in  the  middle  third  of  the  base,  or  the  least 

value  oi  cn  —  ^\  but  in  some  works,  for  the  sake  of 
3 

economy  of  material,  this  value  has  been  made  as  low  as 
c  d 

— .    The  harder  and  stronger  the  material,  the  nearer  c 

may  the  resultant  be  permitted  to  pass ;  but  if  this  point 
should  break  off,  the  base  is  immediately  shortened,  and  the 
stability  correspondingly  reduced. 

If  the  mass  is  on  the  point  of  falling,  the  resultant  M-ili 
pass  through  c,  and  the  horizontal  force  and  the  weight 
will  be  in  the  same  ratio  as  half  the  thickness  to  the  height 
y  m ;  if  we  halve  the  pressure  P,  the  overturning  moment 

c  d 

will  be  halved,  and  the  value  c  w  =  _ ;  hence  this  position 

of  the  resultant  shows  a  resistance  equal  to  twice  the  ex- 

c  d 

ternal  force.    To  make  c  ^^  =  — ,  P  must  be  reduced  to  one- 

o 

third  of  its  first  value,  bo  the  resistance  will  be  three  times 
the  external  force. 

In  Fig.  76  ahji  represents  a  column  made  of  four  pieces 
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Fig.  76. 


of  equal  mass ;  the  whole  must  be  stable  on  ij,  and  the 
superincumbent  parts  must  each  be  stable  on  their  beds 

c  d,  ef,  g  h,  and  by  draw- 
ing the  parallelograms  of 
force  as  shown,  it  will  be 
found  that  the  stability 
bears  the  same  ratio  to  the 
overturning  strain  for  each 
part  that  it  does  for  the 
whole  column. 

kit  s  is  another  column 
in  four  pieces,  each  piece 
having  an  equal  force  p', 
p",  &c.,  pressing  against 
it :  the  stabihty  will  here  be  greatest  on  the  top  joint  m  n, 
and  gradually  decrease  to  its  minimum  at  s  t. 

Although  the  stones  may  not  overturn,  yet  it  may  happen 
that  one  slides  upon  that  beneath  it ;  hence  the  circum- 
stances under  which 
this  may  occur  must 
be  investigated.  This 
is  the  resistance  of 
friction,  and  a  margin 
of  resistance  in  this, 
as  in  other  respects, 
must  be  provided  in 
any  structure,  to  in- 
sure durability. 

Let  a  mass  W, 
Fig.  77,  rest  upon  a 
bed  or  surface  A  B, 


B 


Fig.  77. 


and  let  a  force  P  act  upon  it  in  the  direction  indicated  by 
the  arrow.  Through  the  point  a,  where  the  force  P  acts 
upon  the  mass  W,  draw  a  vertical  line,  and  make  a  c  equal 
to  P,  and  complete  the  parallelogram  abed;  then  a  d  will 
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represent  the  pressure  acting  at  right  angles  to  A  B,  and 
a  h  the  component  acting  parallel  to  it,  and  tending  to  slide 
"W  upon  it.  When  the  inclination  of  P«  is  such  that  "W  is 
on  the  point  of  sliding  upon  A B,  the  angle  oar  is  called 

the  limiting  angle  of  friction,  and  ^~  is  the  coefficient  of 

a  d 

friction,  being  the  ratio  giving  the  horizontal  force  neces- 
sary to  slide  the  mass  W  under  any  given  pressure  acting 
at  right  angles  to  A  B. 

If  no  extraneous  force  is  in  action,  then  so  long  as  the 
bed  AB  remains  horizontal,  the  only  force  to  which  it  is 
subject  is  the  pressure  or  weight  W  acting  vertically,  and 
therefore  at  right  angles  to  it ;  but  let  the  bed  be  inclined, 
as  shown  at  A'  B',  to  the  horizontal  A'  0,  the  weight  W  wOl 
now  be  resolved  into  two  forces,  one  acting  at  right  angles 
to  A'  B',  and  the  other  in  a  direction  parallel  to  A'  B' ;  the 
latter  tending  to  cause  W  to  slide  down  the  plane.  From 
g,  the  centre  of  gravity  of  the  mass,  draw  the  vertical  line 
g  h,  and  from  i,  its  point  of  intersection  with  A'  B',  mark  off 
i  I  equal  to  W,  and  complete  the  parallelogram  iklm; 
then  ik  is  the  sliding  component  of  the  weight,  and  im  the 

component  pressure  on  A'  B' ;  |-  will  be  the  coefficient  of 

friction  as  before,  and  if  the  mass  is  on  the  point  of  slip- 
ping, the  angle  gin  will  be  the  limiting  angle  of  friction, 
and  the  angle  B'  A'  C  is  called  the  angle  of  repose,  or  the 
natural  slope  of  the  material.  It  will  now  be  shown  that 
the  angle  of  repose  is  equal  to  the  Kmiting  angle  of  friction. 

A'  I  i  being  a  right  angle,  as  A'  C  is  horizontal  and  g  h 
vertical,  the  angle  A' il  is  the  complement  of  the  angle 
i  A'  I,  and  nim  being  at  right  angles  to  A'  B',  A'  i  I  is  the 
complement  to  I  i m,  which  is  therefore  equal  to  iA!l;  but 
it  is  also  equal  to  the  limiting  angle  of  friction  gin;  hence 
the  angle  of  repose  is  equal  to  the  Kmiting  angle  of  fric- 
tion. 
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It  is  evident,  then,  that  in  any  structure,  the  resultant 
force  upon  a  joint  must  not  make,  with  a  line  at  right 
angles  to  such  joint,  an  angle  greater  than  the  limiting 
angle  of  friction,  or  angle  of  repose,  for  the  material  under 
ti-eatment,  and  of  course  must  be  sufficiently  within  it  to 
afford  a  proper  margin  of  safety. 

As  we  can  put  the  joints  at  any  angle  we  choose,  they 
can  always  be  made  so  that  the  resultant  thrusts  are  at 
right  angles  to  them,  or  nearly  so. 

The  following  table  selected  from  various  experiments 
shows  the  angle  of  repose  and  coefficient  of  friction  for 
different  materials  : — 


Material. 


Calcareous  Oolite . 
Hard  „  • 

Soft  Dressed  Stones 
Hard     „  „ 
Common  Brick 
M  asoniy     .  . 
Damp  Masonry 
Timter  on  Stone 
Iron  on  Stone  . 

„  Metal  . 
Timter  .    .  . 

,,  on  Metal 
Masonry  on  Clay 
Gravel  Average 
Dry  Sand  „ 
Sand  „ 
Vegetable  Earth  Avera, 
Compact  „  , 
Shingle  , 
Eubble  , 
Dried  Clay  , 
Wet  Clay 

Dry  Powdered  Earth 
Dense  Compact  Earth 


CoeflScients  of 
Friction. 


0-74 

0-75 

0-74 

0-75 

0-67 
0-6  to  0-7 

0-74 

0-4 
0-3   to  0-7 
0-15  to  0-25 
0-2   to  0-5 
0-2  to  0-6 

0-51 

0-84 

0-78 

0-40 

0-  53 

1-  19 

0-  81 

1-  00 
1-00 

0-  29 

1-  03 
1-43 


Angle  of  Kepose. 


35°  30' 
36°  >53' 
36°  30' 
36°  53' 
33°  50' 
31°  to  35° 
36°  30' 
21°  60' 
16°  40'  to  35° 
8°  30'  to  14° 
11°  20'  to  26°  30' 
11°  20'  to  31° 
27° 
40° 
38° 
22° 
28° 
50° 
39° 
45° 
45° 
16° 
46° 
55° 


The  angles  of  repose  for  the  earths  are  those  at  which 
these  materials  wiU  permanently  stand,  not  the  angles  at 
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which  they  first  break  away,  which,  for  reasons  shortly  to 
be  shown,  are  much  steeper. 

The  structures  which  depend  upon  their  stability  for 
their  safety  are  arches  in  masonry,  abutments,  buttresses, 
retaining  walls  of  various  descriptions,  sea-walls  and  break- 
waters, chimneys,  towers,  lighthouses,  and  all  structures 
liable  from  their  localities  to  be  washed  away  or  blown 
over  bodily.  Large  bridges  in  exposed  and  stormy  places 
are  at  times  called  upon  to  resist  overturning  forces  of  great 
magnitude.  The  general  force  of  the  wind  is  given  in  the 
following  table : — 


Description  of  Wind. 


A  hardly  perceptible  wind 
A  pleasant  wind  .    .  . 

Brisk  gale  

Very  brisk  .    .    .    .  . 

Very  liigli  wind  .    .  . 

Storm  

Hurricane  

Tornado  


Velocity  in 
Miles  per 
Hour. 

Velocity  in 
Feet  per 
Second. 

Force  in 
lbs.  per 
Sqviare  Foot. 

1 

1-47 

0-005 

5 

7-33 

0-125 

10 

14-67 

0-492 

20 

29-34 

1-968 

30 

44-01 

4-429 

50 

73-35 

12-300 

60 

88-02 

17-710 

75 

110-00 

27-700 

100 

146-66 

60-000 

The  actual  measured  force  of  waves  has  been  found  to 
amount  to  4,335  lbs.  per  square  foot  at  Skerry vore,  3,013 
lbs.  at  Bell  Eock,  and  the  highest  observed  6,000  lbs. 


CHAPTEE  XV. 


RETAINING  WALLS. 

EETAmma  walls  are  of  various  descriptions,  viz.  retaining 
walls  for  water,  also  called  dams ;  retaining  or  revetment 
walls  for  earth,  either  carrying  a  bank  level  with  the  top 


Fig.  78. 

of  the  wall,  or  surcharged.  I  wUl  take  the  retaining  wall 
for  water  first.  In  Fig.  78  c  ab  d  is  the  section  of  a  wall 
for  a  reservoir  side.    The  shaded  part  shows  a  wall  of 
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puddled  clay  which  runs  through  it  to  prevent  leakage  ; 
this  puddle  is  continuous  with  that  running  under  the  bottom 
of  the  reservoir.  As  this  puddle  wall  divides  the  dam  as 
it  were  into  two  walls  which  are  not  tied  together,  hence 
the  pressure  of  the  water  must  be  sustained  by  one  of 
these  walls.  If  there  is  no  leakage,  the  inner  wall  will 
bear  the  load ;  if  there  is  free  leakage  up  to  the  puddle 
wall,  the  outer  wall  will  sustain  the  pressure  of  the  water. 
The  puddle  wall  itself  is  not  taken  as  bearing  any  part  of 
the  load.  The  working  of  the  first  case  is  shown  at  A. 
The  pressure  of  the  water  will  in  all  cases  be  at  right 
angles  to  the  surface  upon  which  it  presses.  For  weights 
a  length  of  wall  of  1  foot  is  taken ;  also  the  same  thickness 
of  water. 

Let  e  e'  be  the  water  level,  then  draw  <?/  at  right  angles 
to  h  d,  and  equal  in  length  to  the  vertical  depth  of  water 
above  d;  join  ef,  then  efd  by  1  foot  thick  will  represent 
the  force  of  water  pressing  against  the  face  e  d.  As  the 
area  of  a  triangle  is  equal  to  its  base  multiplied  by  half  its 
height,  and  water  weighs  62-5  lbs.  per  cubic  foot,  then,  if 
the  dimensions  are  taken  in  feet,  the  pressure  on  the  wall 

wiU  be  ii2ii/x  62-5  =edx  dfx  31-25  lbs.    Find  g, 
2 

the  centre  of  gravity  of  the  triangle  e  d f,  in  the  usual  way. 
The  sectional  area  of  the  wall  multiplied  by  its  weight  per 
cubic  foot  will  be  the  resisting  weight.  Draw  Jc  I  through 
the  centre  of  gravity  of  the  inner  wall  vertically,  and  from 
g  draw  a  straight  line  at  right  angles  to  the  face  I  d,  and 
cutting  hi  in  w ;  make  m  o  equal  to  the  water  pressure 
against  the  wall,  and  mn  equal  to  the  weight  of  the  section 
hidh;  complete  the  parallelogram  mnpo;  then  the  resultant 
mp  should  fall  within  the  middle  third  of  the  base  di; 
thus  the  stability  of  the  inner  wall  has  been  determined. 
At  B  is  shown  a  diagram  of  the  outer  part  of  the  wall ;  the 
water  pressure  here  is  against  its  vertical  face.    The  water 
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pressure  is  represented  by  q  r,  where  is  a  point  in  a  ver- 
tical line  q  t  passing  tlirough  the  centre  of  gravity  of  this 
part  of  the  wall,  q  t  is  the  weight  of  the  wall  for  1  foot 
length,  2-  r  «  i5  is  the  parallelogram  of  forces,  and  ^  s  is  the 
resultant  thrust  upon  the  wall,  which,  when  produced, 
should  pass  through  the  middle  third  of  the  base. 

This  case  can  also  be  treated  by  comparing  the  horizontal 
and  vertical  forces  in  their  action  producing  moments  about 
the  outer  toe  of  the  wall  under  consideration.  It  will  be 
observed  that  the  centre  of  pressure  will  be  one-third  of 
the  depth  of  the  water  from  the  bottom.  If  D  be  the  depth 


in  feet,  the  overturning  moment  will  be  M  = 


62-5  D 


D  X  -  =  10-416        If  B  =the  base  of  waU  in  feet,  w 

t=  width  of  waU  at  the  top,  H  =  height,  and  x  the  distance 
from  the  outer  toe  to  a  vertical  line  drawn  through  the 
centre  of  gravity,  and  3  the  factor  of  safety,  W  being  = 
the  weight  of  a  cubic  foot  of  the  wall,  the  moments  of 

resistance  to  overturning  will  be  =  W  x  H  x  J^_+Jf  x 

2 


(B  +  m;)  =  M  =  10-416  J)\    If,  practicaUy, 


a;  _  W.  H.  a; 
3  6 

D  be  considered  equal  to  H,  which  corresponds  to  the 
maximum  force  upon  the  wall,  we  shall 
.  have  W.  x.  (B  +  62-5.  Let 
the  whole  top  of  the  wall  be  6  feet 
wide,  and  the  puddle  wall  1  foot  thick, 
leaving  2-5  feet  for  the  width  of  the 
top  of  each  of  the  waUs  taken  above ; 
let  the  height  be  30  feet,  and  the 
weight  per  cubic  foot  of  the  wall 
120  lbs.  Some  formula  for  the  value 
of  X  must  be  obtained,  dale  is 
a  diagram  section  of  one  part  of  the  dam;  let  it  be 


Fig.  78a. 


i 
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divided  into  two  sections  for  the  purposes  of  calculation, 
on  the  horizontal  base  dc  make  de  —  ah,  and  join  he\ 
a  line  drawn  through  the  centre  of  gravity  of  da  h  e 
vertically  will  cut  d  e  at  i,  bisecting  d  e ;   hence  the 

d  0 

moment  of  this  area  about  d  will  hQ  a  d  y.  ab  X— ;  but 

de—ah,  .'.  the  expression  becomes  ^  ^  ^     ^    As  the 

centre  of  gravity  of  the  triangle  h  ec  \9,  horizontally  one- 
third  of  e c  from  e,  and  h  e  =  ad,  the  moment  of  the  area 


hec  about  d  will  be 


ad  y.  ec     I  7,  ec\    ad     ec  y.  ab 


2  V      ■    3  /  2 


+  ;  and  the  whole  moment  is  the  sum  of  these, 

6 

ady.ah'^.ady.ecxab.ady.ec^  rrx.- 
or  +  +  This  quantity, 

divided  by  the  total  area  dab  c,  will  give  the  value  of  x, 
for  the  whole  moment  of  the  area  about  d  is  the  area 

multiplied  by  x.    The  whole  area  is  ad  ^^AjtlAf^  ;  hence 

^  _2{^adyab'^-\-^adxecyab-\-ad  X  e  c-)  _ 

6ad(ab  dc) 
3     4-3m)  X  ec-\-  ec"'  _'6w'^-J^Zw  x  ec  + 
Sto     Sdc  3  w     3  to     3  ec 

B  =  w  +  e  c ;  hence,  replacing  x  and  B  by  their  values  in 
the  expression  W    (B  +  tc;)  =  62-5       we  get 

W 

{2  w     e  c)  =.  tv^     w  X  e  c  -\- 


6w  -\-  eo  '  3 

•  ••  J7+  3^f  X  77=  3w\    Adding  ^^'  J  to 

each  side  of  the  equation,  and  extracting  the  square  roots, 

—    .   Q     V.  —    1  /  3  M'V  _  187-5  W       o    2  ■    9  m;- 
t  6-  -f  3     X  e  c  +         j  =  ~  2>w''  +    ^  -  = 
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187-5  D--_^^  /187-5       _  3  3  tv 

W  4  '  V    —W~     ~4~'  ~ 

THs,  by  filling  in  the  numerical  values  taken  above,  be- 
comes ^c=,   /187-5  X  900  _  3  X6-25  _  7-5  _ 

feet.  The  resistance  of  the  outer  part  of  the  waU  wiU  be 
greater,  as  it  wiU  tend  to  overturn  on  the  edge  c,  when  the 
leverage  becomes  B  —  x.  In  this  particular  case  the  value 
of  X  — 3^^'+3e<>Xgc+7c^_3  x  6-25  +  7-5  x  33-69  +  1135 

6w  +  3.ec  15  +  101 

=  12-12  feet,  and  B  —  x  —  21-57 feet;  hence  for  the  outer 
waU,  Wa;(B  +  M;)  =  62-5D'-;  W  x{2w-\-e  c)=62-5  T>\  .-.ec 

62-5  D'-     o         62-5  x  900      ^      m  to  ^   ^    t  ^-u 
—  2w=——  — — r-— 5  =  21-73  feet.    In  the 


W.:^;  120x21-57 
first  expression  for  e  c,  the  value  of         is  so  smaU  as  to 

make  no  practical  difference  to  the  root  of  the  whole  ex- 
pression of  which  it  forms  a  part ;  omitting  it  woidd  only 
alter  ec  to  33-74  feet,  and  as  we  do  not  work  to  an  inch 
in  structures  of  this  description,  the  small  value  may  be 
omitted,  and  the  formula,  thus  simplified,  wiU  stand  e  <?  = 


a/ 


187-5D2      3w     13-7-D  3w 


W  2  2 

I  will  now  pass  to  retaining  walls  for  sustaining  the 
pressure  of  earth,  also  called  revetment  walls,  though  this 
is  more  properly  a  military  term. 

The  conditions  under  which  the  pressure  of  earth  acts 
are  widely  different  from  those  that  have  just  been  occupy- 
ing our  attention ;  the  prism  of  earth  acts  as  a  wedge  to 
push  the  wall  out,  and  may  overturn  or  push  it  bodily 
away ;  in  the  latter  case  it  would  be  too  wide  to  overturn, 
but  too  light  to  resist  the  lateral  pressure. 

The  earth  cannot  actually  slide  without  causing  con- 
siderable friction,  both  on  the  back  of  the  retaining  wall, 
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and  on  the  earthen  surface  upon  whicli  it  slips ;  but  the 
former  is  uncertain  in  amount,  and  it  may  happen  that 
before  the  slip  it  does  not  bear  evenly  on  the  wall ;  hence 
it  is  usual  in  practice  to  make  no  allowance  for  this  source 
of  resistance,  although  the  resistance  of  friction  on  the  bed 
on  which  it  slides  is  taken  into  consideration. 

In  Fig.  79,  let  a  b  represent  the  horizontal  surface  of  a 
bank,  sustained  by  a  retain- 
ing wall  of  which  feac  is 
the  section.  If  ch  be  the 
natural  slope  of  the  ground, 
then  acb  is  the  prism  of  earth 
that  would  ultimately  fall 
away  if  the  bank  were  not 
supported;  but  it  does  not 
follow  that  it  will  all  slip 
away  at  once,  or  that  by  so 
doing  it  would  bring  a  maxi- 
mum pressure  on  the  back 

ac  of  the  wall.  It  is  necessary  to  ascertain  the  line  of  slip 
corresponding  to  the  maximum  horizontal  thrust.  Let  c  h 
be  that  line,  fed  being  the  level  at  which  the  ground  is 
in  front  of  the  retaining  wall. 

Find  the  centre  of  gravity  of  the  triangle  ach  at  ff;  from 
ff  draw  the  vertical  line  ff  i,  cutting  the  hne  of  slip  chva.h; 
from  h  draw  h  I  at  right  angles  io  ch;  now  if  there  is  no 
friction  on  the  line  ch,lh  would  be  the  direction  of  the 
reaction  of  the  bank  supporting  the  prism  of  earth 
a  ch;  but  when  this  prism  is  on  the  point  of  slipping,  the 
frictional  resistance  of  the  surface  comes  into  action,  and 
alters  this  direction  by  an  amount  equal  to  the  limit- 
ing action  of  friction  or  angle  of  repose ;  therefore 
make  the  angle  I h m  equal  to  the  angle  he  d,  then  will 
TO  Jc  be  the  direction  of  the  reaction  of  the  earth  upon 
the  prism  ach.    On  the  vertical  line  g  i,  from  the  point 
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of  intersection  Ti,  mark  off  Ten,  equal  to  the  weight  of 
the  prism  of  earth  ach  (which  is,  with  the  wall  itself, 
taken  for  a  length  of  1  foot  on  the  face  of  the  wall) ; 
complete  the  parallelogram  Tc  o  np,  then  k  o  will  be  the 
horizontal  thrust  against  the  back  «  c  of  the  wall.  It  is 
now  necessary  to  find  the  position  of  c  A  that  will  give  a 
maximum  value  to  ^  o  or  np.  Let  H  =  height  of  wall,  w 
—  weight  of  earth  per  cubic  foot ;  then  the  weight  of  the 

prism  of  earth  wiU  be  =  H  x  ^. 

Because  g  i  is  vertical,  and  therefore  parallel  to  a  c,  the 
angle  nkc  =  the  angle  ach;  klis  drawn  at  right  angles 
to  ch;  Ikm  ia  drawn  equal  to  b  c  d;  cdia  horizontal,  there- 
fore acd  is  a  right  angle.  As  Ikm —  he  d,  and  nkc  — 
ach,  ii  Ikm  -\-  nkc  be  taken  from  the  right  angle  ckl, 
and  Icd-^achhe  taken  from  the  right  angle  acd,  the  re- 
maining angle  mkn  will  equal  the  remaining  angle  hch. 
Produce  the  horizontal  line  pn  to  meet  he  inr,  then  the 
right-angled  triangle  knr  ia  similar  to  the  triangle  cah,  and 
its  area  varies  as  that  oi  cah,  and  therefore  as  the  weight  of 
the  prism  of  earth  np  —  ok.    The  horizontal  thrust 

will  vary  as  the  area  oi  knr  This  variable  quantity 

must  be  examined  to  ascertain  when  it,  and  therefore  the 
thrust,  is  a  maximum.  The  area  of  a  triangle  varies 
as  its  base  multiplied  by  its  height  (the  area  being  base  by 
half  the  height) ;  hence  the  quantity  with  which  we  have 

to  deal  ia  =  knxrnx  ^  =  rn  x  np.    The  ratio  oi  rn 

kn 

to  n p,  to  give  a  maximum  value  to  their  product,  is  to  be 
determined.  If  r  w  is  increased,  np  ia  diminished,  and  vice 
versd.  When  the  value  is  a  maximum,  then  the  quantity 
resulting  from  diminishing  n  p  and  increasing  n  r  by  an  in- 
definitely small  quantity,  will  be  equal  to  that  found  by 
increasing  np  and  diminishing  nr  by  that  same  quantit}-. 
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Let  tlie  indefinitely  small  quantity  he  u;  then,  {rn-\-  u)  x 
{np  ~  u)  =  (rn  —  u)  x  (np-^  u);  whence  np  x  u  —  rn  x  u 
=  rny.u  —  npxu,  .np  —  rn.  Because hyir-=.h np,  being 
right  angles,  and  rn  —  np,  hn  being  common  to  the 
triangles  Tcnr,  hnp,  the  angle  rhn  or  c  kn=  the  angle 
mkn;  therefore  the  equals  of  these  angles,  ach  and  hcb, 
are  also  equal,  and  the  line  of  slip  h  c  bisects  the  angle 
ach  when  the  horizontal  thrust  is  a  maximum,  h  c  being 
drawn  to  bisect  the  angle  ach,  and  the  horizontal  thrust 
determined  as  previously  described,  draw  s  t  vertically 
through  the  centre  of  gravity  of  the  wall,  then  produce  the 
horizontal  line  h  o,  cutting  stiuv;  make  vv)  —  ho,  and  v  x 
=  weight  of  the  wall ;  complete  the  parallelogram  vwyx, 
then  V  y  will  be  the  resultant  thrust  on  the  wall,  which,  when 
produced,  should  lie  in  the  middle  third  of  the  base.  If  the 
resultant  cut  a  joint  in  y',  draw  y'  %  perpendicular  to  the 
joint,  then  the  angle  vy'  %  must  not  exceed  the  limiting 
angle  of  friction  for  the  wall,  or  what  is  the  same,  y  z  (or 
k  o)  divided  \)j  v  x  must  not  exceed  the  coefiicient  of  fric- 
tion, and  for  safety  should  not  exceed  one-half  of  that 
coefficient.  The  angle  of  the  joint  can  be  arranged  to 
suit  the  resultant  thrust, 
so  there  need  never  be 
any  difficulty  on  this 
point. 

Each  part  of  the  wall, 
from  the  top  downwards, 
must  be  made  stable,  as 
well  as  the  whole  wall, 
so  that  the  strength  of 

the  mortar  is  not  called  ^ig,  79^, 

into  action.  This  can  be 

arranged  by  curving  the  wall  so  as  to  suit  the  line  of  thrust, 
as  shown  in  Fig.  79«,  where  the  dotted  line  is  the  direction 
of  the  thrust,  and  the  waU  is  curved  .«o  as  to  keep  it  in  the 
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middle  third.  Tlie  joints,  being  made  square  to  the  curved 
face,  will  be  about  at  right  angles  to  the  line  of  thrust. 

The  values  oi  ah  for  different  materials  are  given  in  the 
following  table  in  respect  to  the  height  a  c ;  that  is,  the 
actual  length  ah  will  be  «c  multiplied  by  the  tabular 
number : — 


Material. 

ah—ac  X 

Gravel                      Average  .... 

•466 

Dry  Sand                        „  .... 

•488 

Sand                              „  .... 

•675 

Vegetable  Earth              „  .... 

•601 

Compact  Earth                 „  .... 

•364 

Shingle                          „  .... 

•477 

Rubble  and  Dried  Clay     „  .... 

•414 

Wet  Clay                       „  .... 

•734 

Powdered  Earth,  Dry  .... 

•404 

Dense  Compact  Earth  .... 

•315 

Call  the  coefficients  in  the  table  C;  then  the  weight  of 
JJ2  X  Q  X  M' 

the  prism  of  earth  =  o          *  But  angles?  ^  w  =  angle 


hc-=.  anffle  ach\  hence      =  — ;  therefore  the  horizontal 
^         '  nh     a  c 

a  h 


thrust  T  = 


X  0  X  w 


X      X  w 


2  '    a  0  2H 

This  thrust  will  be  found  to  act  at  one- 


third  the  height  from  the  bottom  of  the  wall ;  hence  the 

overturning  moment  is  M  =  —  — — .  If  the  wall  be 

6 

vertical,  and  of  the  same  thickness  throughout,  its  weight 
being  "W  per  cubic  foot,  and  thickness  in  feet  t,  its  moment 

of  resistance  to  overturning  will  be  M  =  (H  x    X  W)  x  ~ 

2 


H  X     X  W 


,  and  if  we  take  as  before  3  for  the  factor  of 
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safety, 

H.  C.  .  /  ' 

V  ^ 


H  X    X  W        X  X 


X     X  W 


6 


6 


w 


and  if  M>  =  W,  ^  =  H.  0. 


W 

thus  a  plumb 


wall  to  support  a  bank  of  average  compact  eartb  20  feet  in 
height  woTild  require  its  thickness 
^  =  20  X  "364  =  7-28  feet,  or  7  feet 
3^  inches.  "When  the  wall  has  a 
battered  face,  the  centre  of  gravity 
will  not  fall  over  the  centre  of  the 
base,  but  nearer  the  back  of  the 
wall,  giving  a  greater  leverage  to 
its  overturning  resistance.  The  sec- 
tion of  the  battered  wall  will  be  as 
shown  in  Fig.  80  by  alcd.  If 
this  is  considered  in  its  elements, 
the  moment  oi  ace  about  e  wiU  be  its  weight  multiplied 
<^^>f9  being  a  vertical  line  drawn  through  the  centre 

Ice 

of  gravity  of  the  triangle  ace;  ch—  The  moment 

of  a  e  dh,  if  hi  be  a  vertical  line  drawn  through  its 
centre  of  gravity,  wiU  be  its  weight  multiplied  by  ei 
-\-  ce,  ei  being  half  the  thickness  a  h,  and  c  e  the  amount 
of  batter  on  the  face  of  the  wall.  Let  B  =  the  batter 
on  the  face,  so,  if  the  batter  is  1  to  8,  B  ^ ;  the 
back  I  d  oi  the  wall  being  plumb,  then  the  moment  of 
resistance  to  overturning  about  the  point  c  will  be  M  = 

g  +Hx^x[~  +  HxB])xW 
H  X     _j_  2;2  X  ^  X  b).  Equating 


Fig.  80. 


(Hx^Alx^HxB 
=  W  ( 


2 

B?  X  B^ 


+ 


3        ■  2 

this  with  the  overturning  moment,  and  taking  3  as  th^ 
C\  w  /HI  B2 

■  \  3 


3 

factor  of  safety,  


2  ^ 
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W.  t.  Bj  ;  whence     +  2  H.  ^.  B  =  ^ —  -  ~  

Adding  H'^.       to  Lotli  sides  of  the  equation,  and  then 

taking  the  square  roots,     +  2  H.  ^.  B  +  H.^  B^  —  ^ 

W 

-~^+ff.B^  =  _^_-__;  and^  +  H.B. 


If  2  be  taken  as  the  factor  of  safety,  then  ^  =  H 


a/ 


"^'^^     ^  ~  T^^^g        latter  formula, 

let  it  be  applied  to  a  wall  10  feet  high,  the  weight  of 
the  wall  per  cubic  foot  being  equal  to  that  of  the  earth, 
-which  is  to  be  taken  as  compact  earth,  the  batter  1  in  8, 

^  =  10  X  ^  / 2  X  •364^"  ,  -125^  -  10  x  -125  =  1-8  feet 

V        3  3 
thick  at  the  top ;  adding  on  the  batter  ^th  of  the  height, 

the  thickness  at  the  ground  level  becomes  1-8  +  ^  =  3-05 

8 

feet.  This  formula  is  commonly  used  where  the  ground  is 
not  treacherous,  but  of  course  the  ratios  oi  w  to  W  are 
filled  in  when  they  are  not  the  same.  Thus  a  masonry 
wall  wiU  weigh  130  lbs.  per  foot,  and  rammed  earth 
100  lbs.  per  cubic  foot,  which  would  reduce  the  above 
thickness  at  the  top  to  1"45  feet. 

The  foregoing  investigations  refer  to  retaining  walls 
carrying  banks  having  a  horizontal  top  surface,  and  it  is 
interesting  to  notice  that  the  formula  for  moment  of  hori- 
zontal thrust  will  apply  to  water.  The  formula  arrived  at 
for  water  was  M  =  10-416  D^*,  where  D  =  H  :  that  for  the 

overturning  moment  of  earth  is  M  =  — As 

water  has  no  angle  of  repose,  C  vanishes ;  to  =  62-5  ;  hence 
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M  = 


X  62-5 


=  10-416  H^,  the  same  as  the  previous 


B 


expression. 

When  the  -wall  ab  dc  is  loaded,  as  shown  in  Fig.  81,  it  is 
said  to  be  surcharged,  and  in  this  case  not  only  is  there  a 
greater  load  upon  the  waU,  but  the  centre  of  pressure  acts 
higher   up   than  one- 
third  its  height :  in  this 
case  it  is  simplest  to  de- 
termine the  horizontal 
thrust  by  the  graphic 
method,  and  then  equate 
its  moment  with  the 
moment  of  resistance  of 
the  wall. 

Sometimes  retaining 
walls  are  made  with 
counterforts  in  front,  as 
shown  in  the  plan  A  B, 
where  0  C  are  the  coun- 
terforts ;  these  have  the 
effect  of  increasing  the 
leverage  of  the  wall,  and  therefore  its  moment  of  resistance, 
as  it  must  to  upset  turn  over  on  the  edges  h  h,  instead  of 
k  h,  provided  the  masonry  does  not  give  way  at  the  joint  of 
the  counterforts  with  the  wall.  In  order  to  strengthen  the 
wall  between  the  counterforts,  it  is  sometimes  made  arched 
in  plan,  as  shown  by  the  dotted  lines ;  this  wiU  materially 
assist  in  preventing  it  from  bulging  between  the  counter- 
forts, and  in  fact  such  walls  should  always  be  so  built. 

Counterforts  leliind  the  wall  are  not  nearly  of  so  much 
use,  as  they  do  not  increase  the  moment  of  resistance  of 
the  other  material  composing  it,  though  because  their  own 
centres  of  gravity  are  carried  back  further  from  the  edge, 
they  are  in  themselves  of  more  value  than  the  same  quan- 

K  2 


Fig.  81. 
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tity  of  material  distributed  equally  on  the  back  of  the 
wall. 

Walls  requiring  a  great  resistance  may  sometimes  be 
made  hoUow,  but  care  must  be  taken  that  the  weight  of 
material  is  sufficient  to  resist  the  horizontal  thrust  acting 
to  slide  the  wall  on  its  base,  or  these  hollow  places — pockets 
or  voids,  as  they  are  termed — should  not  be  carried  com- 
pletely down  through  the  wall,  but  left  with  a  sufficient 
bottom  for  them  to  be  filled  up  with  earth  or  concrete, 
preferably  the  latter,  which  by  its  weight  will  add  to  the 
stability  of  the  structure. 

If  a  retaining  wall  carry  a  superposed  weight,  its  stability 
will  be  proportionately  increased,  and  this  is  the  case  in 
retaining  walls  carrying  bridges,  and  also  in  the  abutments 
of  arched  bridges.  It  is  a  common  practice  to  caU  the 
supports  of  bridges  abutments,  but  this  is  inaccurate  except 
for  arches  and  certain  trusses  that  abut  on  and  thrust 
against  their  supports ;  in  the  case  of  girders  the  bridge 
merely  puts  a  weight  or  vertical  pressure  on  the  supports. 
I  therefore  avoid  applying  the  term  abutments  to  these 
supports,  piers  being  a  more  suitable  expression.  In  arched 
and  trussed  bridges  the  piers  are  intermediate  supports,  on 
which  there  is,  under  the  full  load,  only  vertical  weight, 
the  thrusts  from  the  arches  on  either  side  balancing  each 
other. 

Retaining  walls,  when  calculated,  invariably  look  heavy 
both  on  paper  and  on  the  ground,  and  there  is  therefore 
an  inclination  to  cut  them  down  in  size :  no  doubt  they 
form  a  very  heavy  class  of  work  compared  with  structures 
of  strength,  and  it  is  necessary  they  should  be  so,  for  in 
making  them  we  are  opposing  weight  to  weight,  and  the 
resisting  mass  must  bear  some  proportion  to  that  endea- 
vouring to  overthrow  it.  I  call  attention  to  this  point 
espe(  ially  to  caution  students  against  this  inclination  to 
diminish  the  section,  for  that  which  is  calculated  will  be 
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practically  requisite,  and  in  no  case  would  I  let  the  factor 
of  safety  be  less  than  2.  There  have  heen  many  instances 
of  retaining  walls  falling  down,  and  more  of  others  which, 
although  they  have  not  actually  fallen,  have  bulged  and 
shown  signs  of  weakness,  requiring  to  be  cobbled  and 
patched  up  either  temporarily  or  permanently,  so  far  as 
anything  connected  with  such  a  structure  can  be  said  to 
be  permanent.  The  way  in  which  the  temporary  support 
saves  the  work  is  by  holding  it  up  until  the  earth  behind 
it,  which  had  been  disturbed  by  building  operations,  be- 
comes settled  down  and  hardened  again,  so  as  to  be  more 
in  a  position,  to  stand  by  itself  than  it  was  when  the  wall 
was  first  completed. 

For  places  where  material  is  of  no  consequence,  d/ry  re- 
taining walls  are  frequently  built,  having  only  the  coping 
in  mortar.  They  must  be  much  heavier  than  mortared 
walls,  and  although  good  enough  for  small  heights,  are  not 
to  be  recommended  for  large  or  heavily  loaded  walls. 


CHAPTEE  XVI. 


ARCHES— ABUTMENTS— BUTTRESSES. 

Conditions  similar  to  those  attending  the  stability  of  a 
retaining  wall  are  imposed  in  the  case  of  an  arch :  no  part 
of  the  arch  must  turn  upon  one  or  other  of  its  edges,  and 
the  joints  must  make  a  proper  angle  with  the  line  of 
thrust,  which  throughout  the  length  of  the  arch  should  lie 
in  the  middle  third  of  the  depth  or  thickness  of  the  arch. 

As  has  been  shown  in  a  previous  part  of  this  work,  the 
tangential  force  due  to  a  radial  force  —  w  r,  where  w  is 
the  radial  force  per  lineal  foot,  and  r  the  radius  in  feet  of 
the  element  on  which  it  acts,  at  the  point  of  its  action  ; 
and  this  formula  will  give  the  horizontal  thrust  at  the 
crown  of  an  arch,  carrying  at  that  point  a  load  w  per  lineal 
foot,  and  having  a  radius  r  at  the  crown  -.iQip  —  wr. 

In  Fig.  82  let  the  arrow  P  represent  the  direction  of  the 
force  p  acting  at  the  crown  of  the  arch.  Through  the 
centre  of  gravity  of  each  arch  stone,  or  voussoir,  and  its 
accompanying  load,  draw  a  vertical  line,  as  oX  ef,  g  h.  This 
for  each  voussoir  will  pass  through  the  centre  of  gravity  of 
a  mass  comprising  the  voussoir  itself,  spandrels  and  inter- 
nal bearing  walls,  arches  or  flags  upon  the  voussoir,  also 
superposed  pavement,  ballast,  and  other  load. 

Produce  the  direction  of  the  arrow  P  to  intersect  e f  at  a, 
and  make  ah=^p;  mark  o&  a  d  equal  to  the  load  on  the 
voussoir  D,  complete  the  parallelogram  abed,  ac  will  be 
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the  resultant  thrust  on  the  first  joint ;  produce  this  resultant 
to  intersect  the  second  vertical  in  i,  and  make  i  k—  a  c; 
make  i  m  equal  the  load  on  the  voussoir  E,  and  complete 
the  parallelogram  ililm\  the  residtant  thrust  on  the 
second  joint.  By  continuing  this  process  the  resultant 
thrust  on  each  joint  in  succession  is  found,  and  finally  that 
on  the  last  joint  B,  giving  the  thrust  on  the  abutment  T. 
Through  the  centre  of  gravity  of  the  abutment  C,  draw  the 
vertical  line  n  o,  and  produce 
the  resultant  T  to  intersect  it 
at  q  ;  make  qt-=-T,  and  q s 
equal  the  weight  of  the  abut- 
ment ;  complete  the  parallelo- 
gram qtus,  then  qu  the 
resultant  thrust,  which  should 
pass  through  the  middle  third 
of  the  base  of  the  abutment, 
to  give  a  factor  of  safety  3  : 
if  it  only  comes  within  the 
middle  half,  the  factor  of 
safety  is  2. 

It  is  obvious  that  if  any  dis 
tribution  of  load  be  given, 
the  curve  of  thrust  may  be 
determined    as   above,  and 
from  it  the  form  proper  for 

the  arch ;  and  on  the  other  hand,  a  form  of  arch  being 
given,  the  distribution  of  load  necessary  to  keep  the  line  of 
thrust  in  the  right  course  can  be  determined.  In  the  latter 
case  the  parallelograms  being  drawn  to  fit  the  centre  line 
of  the  given  form,  the  ratios  ad  to  ab,  im  to  ilc,  &c.,  give 
the  proportions  that  the  loads  must  bear  to  the  thrusts. 

As  a  guide  to  determining  the  thickness  of  the  arch  at 
the  crown  the  following  formulae  may  be  adopted  : — Let  d  — 
depth  of  keystone  in  feet,  r  =  radius  of  arch  at  crown 
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in  feet ;  then  for  a  single  arch  d=.  y  0-12.  r,  and  for  one 
of  a  series  of  arches  d  =  ^  017.  r.  These  proportions 
have  heen  found  satisfactory  in  practice. 

If  the  load  is  uniformly  distributed  horizontally  over  the 
arch,  it  will  be  found  that  the  rise  of  the  arch  will  be  one- 
fourth  of  the  span. 

To  determine  the  amount  of  the  thrust  at  any  point,  the 
horizontal  thrust  p  at  the  crown  must  be  resolved  with  the 
vertical  load  between  the  crown  and  the  point  at  which  the 
thrust  is  required  ;  the  three  quantities  will  then  be  repre- 
sented by  the  three  sides  of  a  right-angled  triangle  as  at 
ah  c,  where  ah  =  horizontal  component,  i  c  =  vertical  com- 
ponent, a  c  =  resultant  thrust;  z=.~ah'^  ■\-~V^.  Taking 
w  as  the  uniform  load  per  foot  along  the  arch,  horizontally 
measured,  the  thrusts  will  be,  at  the  crown,  wr;  dX  the 

springing,  T  =  y)2  +  if  i  _  gp^n  in  feet; 

or  (as  has  been  demonstrated  in  the  chapter  on  Iron 
Arches),  if  Y  =  rise  of  the  arch,  P  =         and  T  = 

Eesolving  the  thrust  on  the  abutment  vertically  and 
horizontally,  the  horizontal  force  wiU  be  equal  to  the  thrust 
at  the  crown  ;  but  acting  at  the  springing,  the  vertical 
force  is  equal  to  half  the  weight  of  the  arch  :  this  latter  aids 
the  stability  of  the  abutment.  If  H  be  the  height  of  the 
springing  from  the  ground,  the  overturning  moment  will  be 

p  x  ^  —  ^  X  H.  The  moment  of  resistance  to  over- 
turning will  be  for  the  abutment  itself,  if  its  height  be  h, 
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and  its  weight  W  per  cubic  foot,  =  W  x  t  xAx  —  = 

2 

W.  h  f 

— '—^ — ,  and  the  moment  of  the  superincumbent  load  = 
therefore 

2  8.  V         2  2 

In  determining  the  stability  of  massive  stone  bridges, 
the  weight  of  the  traffic  may  be  ignored  in  comparison 
with  that  of  the  structure,  as  it  cannot  sufficiently  vary  the 
line  of  thrust  to  practically  affect  the  structure.  Suppose 
an  arch  of  200  feet  radius  at  the  crown  is  to  be  built  of 
granite,  the  thickness  of  the  keystone,  that  is,  the  depth  of 
arch  at  the  crown,  =  ^-12  x  200  =  4-89  feet,  or  practically 
5  feet.  The  weight  of  the  stone  is  164  lbs.  per  cubic  foot, 
and  164  x  5  =  820  lbs.  per  foot  super  of  the  roadway ; 
upon  this  there  will  be  about  4  feet  more  of  masonry, 
ballast,  and  paving  at  140  lbs.  per  foot,  140  x  4  =  560  lbs., 
making  the  whole  weight  at  this  point  1,360  lbs.,  while  the 
traffic  will  not  exceed  120  lbs.  per  square  foot,  so  that  its 
variations  will  not  sensibly  affect  the  mass  of  the  structure. 

From  the  peculiar  conditions  of  the  case  a  formula  for 
the  general  thickness  of  abutments  in  relation  to  the  span 
cannot  be  evolved,  but  one  including  all  the  varying  quan- 

titles  may  be  given.    From     ^  ^ — = — - — + — 
mo„  that  f  =  J^^,;  ^^^^i,^}  *» 

side,  and  taking  the  square  roots,  f  +        +  (        V  = 

w.UB.  ■  /  wl  \^  wl  _  /  ioPB.  y  (  wl  ^ 
4V.WA^V2W.A;  ''"^2W;^~V  4.y.  WA"^  \¥W7h) 

V  4rv."wrA  +  \2w:h)  rm  ^^^^^ 

ing  this  formula  w  must  be  multiplied  by  the  factor  of 
safety. 

K  3 
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The  abutments  of  bridges  may  be  strengthened  by  coun- 
terforts placed  behind  them,  as  described  in  connection  with 
retaining  walls.  Of  piers  between  arches  (if  the  arches 
be  not  equal),  it  is  to  be  observed  that"  their  stability  must 
be  equal  to  sustaining  the  difference  of  the  thrusts  from 
either  side. 

It  is  necessary  to  show  that  generally  there  is  ample 
strength  to  resist  the  thrust  coming  upon  the  materials.  I 
will  take  a  case  of  an  arch  in  brick,  40  feet  span,  28  feet 
wide  over  all,  2  feet  thick,  carrying  two  lines  of  railway, 
the  rise  of  the  arch  being  10  feet. 

Taking  the  brickwork  and  the  ballast,  of  which  there 
will  be  2  feet  in  thickness,  all  at  1  cwt.  per  cubic  foot,  the 
load  at  the  crown  will  be  1  x4  x  28  =  112  cwt.  The 
average  weight  between  the  crown  and  the  abutment 
may  be  taken  at  140  cwt.  per  foot  lineal.  The  load  due  to  the 
railway  may  at  a  maximum  be  taken  at  50  cwt.  per  lineal 
foot  for  the  two  lines  of  railway ;  hence  the  load  w  will 
be  162  cwt.  at  the  crown,  and  average  190'  cwt.  along 
the  bridge  ;  the  thrust  on  the  abutment  will  be  T  = 
/ (wiy    (wl'V^     //162  X  40  X  40V  ,  /190  X  40\ 

V  (syj  +(-2-)-v(    8x10    )  +(-2-> 

=  4,994  cwt.  (nearly),  or  249*7  tons.  The  sectional  area 
at  the  abutment  is  28  feet  by  2  feet  thick,  or  56  square 
feet ;  hence  the  thrust  is  4-4  tons  per  sectional  square  foot. 
The  weakest  kind  of  brick  given  in  our  table  (in  chapter 
on  Building  Materials)  does  not  begin  to  crack  under  43 '4 
tons  per  square  foot,  or  practically  ten  times  the  maximum 
strain. 

In  Kg.  83  is  shown  a  buttress  used  to  assist  an  abutment 
in  resisting  the  thrust  of  an  arch.  The  arch,  of  which  half 
is  shown  at  a  h,  producing  a  thrust  too  great  for  the  abut- 
ment he,  a,  part  of  it  is  carried  by  the  member /  to  the 
buttress  d  e. 

By  increasing  the  height  of  the  spire  d,  the  stability  of 
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the  buttress  deis  increased,  and  at  the  same  time  an  elegant 
appearance  is  given  to  the  work.  This  kind  of  construction 
is  to  be  found  principally  in  church  architecture. 


Fig.  83. 

In  Gothic  and  other  ornamental  arches  the  curve  of 
equilibrium  can  be  determined  by  means  of  the  parallelo- 
gram of  forces,  similarly  to  those  already  investigated. 


CHAPTEE  XYII. 


PIERS  AND  FOUNDATIONS. 

The  piers  supporting  a  bridge  or  viaduct  have  two  duties 
to  perform  :  one  to  support  the  weight  of  the  superstructure, 
the  other  to  resist  the  attacks  of  the  elements,  either  the 
wind  on  land,  or  water  in  rivers,  estuaries,  and  on  the  sea- 
shore. 

When  coming  to  the  consideration  of  the  forces  exerted 
by  the  winds  and  waves,  we  are  unfortunately  stepping  off 
that  solid  ground  of  fact  which  we  have  hitherto  been 
treading,  to  find  ourselves  relying  upon  at  best  but  doubt- 
ful bases.  Notwithstanding  the  improved  appliances 
adapted  for  the  scientific  investigation  of  meteorological 
conditions,  the  data  furnished  as  to  the  actual  energy  of 
the  elemental  forces  are  in  a  very  unsatisfactory  state. 
The  feeling  must  still  exist  that  prompted  Smeaton,  when 
justifying  his  system  of  joggling  the  stones  in  the  Eddy- 
stone  Lighthouse,  to  write,  "Where  we  have  to  do  with,  and 
to  endeavour  to  control,  those  powers  of  nature  that  are  subject 
to  no  calculation,  I  trust  it  will  be  deemed  prudent  not  to 
omit  in  such  a  case  anything  that  can  without  difiiculty  be 
applied,  and  that  would  be  likely  to  add  to  the  security." 

It  does  not  seem  that  the  anemometers  are  to  be  relied 
upon,  for  their  indications  do  not  agree  with  the  velocity  of 
wind  as  shown  by  the  speed  of  balloons.  Of  course  there 
are  two  sides  to  this  question,  and  it  does  not  follow  that 
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the  balloon  was  throughout  its  journey  in  the  same 
current  that  actuated  the  anemometers,  but  these  instru- 
ments in  the  same  localities  also  give  different  readings  at 
the  same  time,  which  is  certainly  confusing. 

A  pressure  of  50  lbs.  per  superficial  foot  has  been  taken 
as  the  pressure  during  a  tornado,  and  this  has  been  stated 
to  be  the  highest  pressure  occurring  in  this  country ;  but, 
again,  people  assert  that  still  higher  pressures  have  been 
recorded. 

In  examining  the  effect  of  the  wind  upon  a  structure 
there  is,  moreover,  the  mode  of  action  to  be  considered. 
Suppose,  for  example,  the  wind  to  be  blowing  not  steadily, 
but  in  short  gusts  upon  the  surface  opposed  to  it ;  if  one 
gust  causes  the  structure  to  oscillate,  and  just  as  it  has 
passed  through  this  oscillation  to  and  fro,  and  is  about  to 
commence  another  (and  smaller  one),  a  second  gust  strikes 
it,  the  energy  of  this  will  be  added  to  what  remains  of  the 
energy  of  the  fixst,  and  by  the  continuation  of  such  action, 
the  amplitude  of  the  oscillations  may  be  so  increased  as  to 
cause  the  structure  to  overturn,  although  it  is  quite  stable 
enough  to  resist  the  steady,  continuous  pressure  of  the 
same  wind  at  the  same  intensity.  Increasing  oscillation  is 
then  a  more  distinct  warning  than  amplitude  of  oscillation  ; 
for  so  long  as  the  amplitude  does  not  increase,  we  may 
consider  the  work  safe,  but  when  it  increases  regularly, 
the  fate  of  the  work  will  depend  upon  the  duration  of  the 
storm. 

If  the  wind  blow  against  a  flat  surface  at  right  angles 
to  its  course,  the  whole  effective  pressure  will  be  the 
pressure  of  the  wind  per  square  foot  multiplied  by  the  area 
acted  on ;  this  will  not,  however,  be  the  case  with  a  round 
surface,  such  as  one  side  of  a  cylindrical  column.  In  Eig.  84, 
showing  a  horizontal  section  of  a  cylindrical  column,  let 
the  wind  be  assumed  to  be  blowing  against  it  in  the  direc- 
tion shown  by  the  arrow,  and  with  a  force  equal  p  pounds 
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per  superficial  foot.  At  the  point  r  the  wind  will  exert  its 
full  force  on  the  surface  opposed  to  it ;  but  take  two  parts 
of  the  surface  having  their  centres  a  and  h  at  45  degrees 
from  r,  and  examine  the  effects  of  the  wind  blowing  on  these 
parts  ;  its  force  will  be  expended,  partly  in  normal  pressure 
at  right  angles  to  the  surface  of  the  column,  and  partly  in 
continuing  the  motion  of  its  particles,  but  in  a  direction  at 

right  angles  to  that  pressure. 
Draw  the  radii  ac,  he,  and 
at  right  angles  to  them  the 
tangents  ad,le.  Equal  sur- 
faces being  taken,  the  wind 
forces  will  be  equal :  let  <?/ 
and  Ig  represent  these  forces; 
complete  the  parallelograms 
akfl  and  h  h  g  i,  then  the 
forces  pressing  towards  the 
centre  of  the  column  will  be 
represented  by  a  I  and  h  h. 
Produce  the  radii  a  c  and  h  c,  and  make  c  n,  c  m  respectively 
equal  to  al,  b  h.  Complete  the  parallelogram  cno  m,  then 
the  resultant  c  o,  which  is  the  resultant  pressure  of  the  Uvo 
forces  at  a  b,  is  equal  to  one  of  them,  a  for  b  g.  The  force 
then  in  the  direction  of  the  wind  varies  from  its  maximum 
at  r  to  nothing  at  s  s,  and  it  may  be  shown  that  the  total 
pressure  on  the  colunm  will  be  the  wind  pressure  multi- 
plied by  the  height  of  the  column  and  by  its  radius. 

In  the  same  manner  it  may  be  shown  that  if  the  wind 
blow  in  the  direction  of  one  of  the  diagonals  of  a  sqaare 
chimney,  the  whole  pressure  upon  it  will  be  that  due  to 
the  wind  blowing  at  right  angles  to  one  of  its  sides,  multi- 
plied by  -707. 

When  the  atmosphere  is  at  rest  there  is  the  normal  pres- 
sure of  about  15  lbs.  per  square  inch  with  which  it  presses 
upon  all  matter,  and  pressing  equally  on  all  sides  supplies 
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both  the  action  and  reaction ;  but  a  wind  blowing  past  an 
obstacle  will  rarefy  the  air  behind  it,  and  thus  in  some 
degree  add  atmospheric  pressure  to  the  dynamic  force  of 
the  wind  in  front  of  the  obstacle. 

In  dealing  with  solid  works  there  can  now  be  no  diffi- 
culty for  a  given  wind  force  to  determine  the  total  pres- 
sure on  the  structure,  neither  should  there  be  in  the  case 
of  complex  structures,  such  as  braced  iron  piers  and  girders, 
for  of  course  the  piers  have  not  only  the  wind  acting 
directly  upon  them  to  resist,  but  also  the  wind  pressure 
against  the  superstructure ;  but  I  must  here  caution  the 
student  against  regarding  one  part  of  a  braced  structure  as 
sheltering  another  part  from  the  wind,  for  a  very  slight 
angle  will  cause  the  wind  to  strike  on  the  leeward  members 
of  the  work,  and  if  the  parts  are  not  very  close  together  a 
direct  wind  will  affect  those  members,  for  the  shelter  given 
by  a  narrow  obstacle  does  not  extend  to  any  great  distance, 
and  also  the  passing  wind  tends  to  draw  away  the  air  from 
behind  the  first  column  and  crowd  it  against  the  next. 
Assuming  the  iron  pier  to  be  heavy  enough  for  the  require- 
ments of  stability,  the  wind  action  on  it  must  be  determined 
as  strain  upon  the  bracing ;  this  has  already  been  done  in 
Chapter  V.,  and  we  have  here  only  to  point  out  the  necessity 
of  making  the  bracing  sufficiently  strong  for  the  pier  to 
act  against  external  disturbing  forces  as  a  whole,  and  not, 
for  want  of  proper  connections,  go  down  like  a  pack  of  cards. 

Masonry  piers  have  a  great  advantage  over  iron  ones 
against  wind,  by  reason  of  their  weight,  but  this  very 
weight  sometimes  renders  them  unfit  for  certain  localities 
where  the  natural  bottom  is  weak,  or  where  the  district 
has  been  honeycombed  by  mining  operations,  and  there 
iron  piers  may  become  a  necessitv. 

I  will  now  take  an  example  of  a  stone  viaduct,  taking  a 
centre  pier  and  two  half-arches  carried  by  it,  and  exposed  to 
a  wind  pressure  of  50  lbs.  per  square  foot.    Let  the  arches 
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be  40  feet  span  and  28  feet  wide,  presenting  in  eleva- 
tion a  semicircular  form  ;  pier  80  feet  in  height,  5  feet  thick 
at  the  springing,  and  9  feet  thick  at  the  base.  The  weight 
of  the  two  half -arches  will  be  360  tons,  that  of  the  pier 
980  tons,  making  1,340  tons,  which  multiplied  by  half  the 
width  at  the  base — that  is,  17  feet — gives  as  its  resisting 
moment  22,780  foot  tons.  It  may  be  observed  in  passing, 
the  weight  on  the  foundation  is  4-5  tons  per  square  foot. 
The  centre  of  gravity  of  the  side  surface  of  the  pier  is  32 
feet  above  the  base,  that  of  the  two  half-arches,  parapets, 
&c.,  95  feet;  the  surface  of  the  former  is  560  square  feet, 
that  of  the  latter  652  square  feet.  The  moment  of  wind 
force  will  be  560  X  32  x  50  -f-  652  X  95  X  50  =  3,993,000 
foot  lbs.  =  1,782  foot  tons,  about  -^gth.  of  the  moment  of 
resistance. 

I  will  now  consider  the  stability  of  an  iron  pier  of 
similar  size.  The  pier  to  consist  of  a  group  of  eight 
cast-iron  columns,  each  15  inches  in  diameter  and  1  inch 
thick,  braced  together  by  tee  irons  6  inches  by  3  inches,  by 
i-  inch  thick.  The  girders  to  be  one  under  each  rail,  cross- 
braced,  and  covered  with  iron  floor  plates  and  6  inches  of 
ballast. 

The  weight  of  the  superstructure,  two  half -spans,  includ- 
ing ballast,  will  be  56  tons ;  that  of  the  pier,  including 
bracings  and  top  bearing  girders,  88  tons ;  therefore  the 
moment  of  resistance  to  overturning  will  be  (56  88)  X  17 
=  2,448  foot  tons. 

The  area  of  the  pier  will  be  eight  columns,  1*25  feet 
diameter,  of  which  being  round  one-half  is  taken,  80  x 
1-25  X  4  =  400  square  feet;  the  bracing  480  square  feet; 
the  superstructure,  taking  the  girders,  4  feet  deep,  180 
square  feet.  These,  being  plate  girders  close  together, 
shelter  each  other.  The  wind  moment  will  be  880  x  32  x 
50 -f  180x82-5  X  50  ==  2,150,500  foot  lbs.  =  960  foot  tons, 
or  i-o-ths  the  resistance. 
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It  will  be  observed  that  taking  in  all  the  columns  and 
bracing  the  exposed  surface  is  more  than  that  of  the  solid 
masonry  pier,  and  some  may  be  of  opinion  that  the  wind 
cannot  attack  a  greater  surface  than  that  solid  side  ;  how- 
ever, I  consider  it  injudicious  to  take  less  than  the  surface 
as  estimated  above  in  calculating  the  stability  of  iron  piers. 

If  there  be  not  sufficient  weight  in  and  on  the  pier  to 
insure  its  stability,  then  the  bolts  by  which  it  is  fastened 
to  the  foundations  are  being  strained,  and  this  is  a  condi- 
tion which  should  not  be  permitted,  as  a  vibratory  strain 
on  ordinary  holding-down  bolts  will  in  time  loosen  them. 
However,  in  all  cases  of  iron  piers  standing  on  masonry 
foundations,  the  holding-down  bolts  should  be  taken 
through  the  masonry,  and  fastened  by  means  of  large  cotters 
below  massive  anchor  plates,  then  there  may  be  some 
reliance  placed  upon  them. 

For  piers  in  tideways  and  estuaries  no  general  rules  can 
be  laid  down;  the  forces  to  which  they  will  be  subjected 
must  be  studied,  and  their  intensities  ascertained  in  the 
localities  in  which  the  works  are  to  be  executed,  and  in 
places  where  no  records  are  available,  experiments  should 
be  made,  prolonged  over  a  sufficient  period  and  at  a  proper 
season  to  enable  the  maximum  effects  to  be  satisfactorily 
and  conclusively  settled  before  the  dimensions  of  the  struc- 
ture are  determined. 

In  the  preparation  of  foundations  it  is  of  paramount 
importance  that  the  resistance  of  the  ground  be  uniform, 
so  that  in  case  of  settlement,  such  will  occur  to  an  equal 
extent  over  the  whole  area  of  the  foundation ;  for  other- 
wise the  unequal  settlement  is  very  likely  to  cause  vertical 
cracks  in  the  superstructure,  and  for  a  similar  reason  stepped 
foundations  are  to  be  avoided  as  far  as  possible,  and  where 
they  are  absolutely  necessary,  the  rise  of  the  steps  should 
be  kept  as  small  as  is  consistent  with  the  general  arrange- 
ment of  the  work. 
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Where  tlie  natural  subsoil  is  of  a  very  yielding  character, 
it  win  be  necessary  to  make  a  concrete  foundation ;  but 
even  then  lateral  yielding  must  be  guarded  against,  and  in 
some  places  it  will  be  necessary  to  hold  up  the  foundations 
by  sheet  piling,  to  prevent  lateral  spreading  of  the  sub- 
stratum. 

In  all  foundations,  where  the  part  of  the  structure  below 
the  natural  surface  of  the  ground  is  relied  upon  to  assist 
in  resisting  external  overturning  efforts,  especial  care 
must  be  used  to  insure  the  solidity  of  the  work,  and  bolts 
for  this  piirpose  should  be  carried  down  and  fastened 
beneath  anchor  plates  at  tbe  bottom  of  the  foundations. 
If  a  pier  be  partly  of  iron  and  partly  of  masonry,  the 
weakest  place  will  usually  be  where  the  ironwork  and 
masonry  meet,  and  this  arises  from  the  dissimilitude  of  the 
materials  in  juxtaposition.  In  order  to  obviate  as  far  as 
possible  the  weakness  of  such  joints,  they  must  be  made 
continuous  over  the  whole  area  of  .  base.  In  a  masonry 
foundation  carrying  a  masonry  pier,  the  load  comes 
uniformly  upon  such  foundation ;  but  if  the  pier  is  of 
braced  columns,  the  load  is  concentrated  upon  the  bases 
of  the  columns,  and  therefore  presses  only  on  certain  parts 
of  the  masonry  foundation,  and  so  causes  cross  strains  upon 
it,  tending  by  transverse  rupture  to  break  its  continuity, 
and  to  render  it  useless  to  resist  overturning  strains.  The 
bases  of  the  columns  must  be  expanded,  and  fairly  secured 
to  a  base  plate,  which  is  itself  connected  with  the  masonry 
foundation  by  vertical  bolts  passing  down  to  an  anchor 
plate  at  the  bottom. 

A  very  convenient  foundation  for  an  iron  pier  is  formed 
by  screw  piles,  which  may  be  used  in  almost  any  soil  that 
does  not  contain  boulders ;  if  these  are  present,  the  piles 
are  likely  to  lodge  upon  them,  and  then  further  turning 
only  chujrns  up  the  soil,  leaving  the  piles  without  any  steady 
bottom.    If  the  piles  require  to  be  in  more  than  one  length 
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helow  the  ground,  no  external  flanges  should  be  used  in 
that  part,  for  the  steadiness  of  the  pier  will  be  in  great 
measiire  dependent  upon  the  close  contact  of  the  surround- 
ing earth  -with  the  piles,  and  if  external  flanges  are  used, 
as  they  are  dragged  down  during  the  descent  of  the  piles, 
they  must  necessarily  break  up  and  loosen  the  soil,  which 
should  be  firm,  and  press  closely  upon  the  piles. 


CHAPTEE  XVIII. 


BUILDING  MATEEIALS. 

It  is  very  necessary  that  persons  in  charge  of  important 
works,  both  in  regard  to  design  and  execution,  should  he 
acquainted  with  the  properties  of  all  the  materials  with 
which  they  may  be  called  upon  to  deal ;  I  shall  therefore 
here  briefly  describe  the  various  kinds  of  stone  and  brick 
commonly  used. 

Granites. — Granites  generally  contain  large  percentages 
of  silica,  the  proportion  varying  from  65  to  80  per  cent. 
Although  often  very  hard  and  tough  in  some  places,  on 
account  of  the  decomposition  of  some  of  their  constituents 
they  become  soft  enough  to  cut  with  a  spade ;  discretion 
must  therefore  be  exercised  in  their  selection,  and  the 
natural  faces  of  the  rock  carefully  inspected  in  the  quarries 
from  which  it  is  proposed  to  obtain  the  stone.  Its  specific 
gravity  is  about  2-6  ;  a  cubic  foot  weighs  166  lbs. ;  a  cubic 
yard  2  tons;  and  the  latter  contains  ordinarily  about  3-5 
gallons  of  water,  and  is  capable  of  taking  up  about  another 
gallon  on  immersion  in  pure  water. 

The  average  pressure  required  to  crush  various  samples 
has  been  found  to  be  for  the  following  varieties,  in  tons 
per  superficial  inch,  Herm,  6-64;  Aberdeen,  4-64  ;  Heytor, 
6-19;  Dartmoor,  5-48;  Peterhead,  4-88;  Penryn,  3-45; 
Ballybeg,  3-17.  The  stones  have,  however,  cracked  respec- 
tively at  4-77,  4-13,  3-94,  3-52,  2-88,  and  2-58  tons;  that 
for  BaUybeg  not  being  recorded. 
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Limestones. — All  limestones  are  liable  to  decay,  the  more 
rapidly  as  the  stone  is  less  crystalline,  under  a  wet  climate, 
especially  when  this  is  accompanied  by  a  smoky  gaseous 
atmosphere.  The  Mansfield  Dolomites  contain  a  consider- 
able proportion  of  silica,  about  50  per  cent.,  and  furnish 
building-stones  of  good  quality.  The  oolitic  limestones 
are  largely  used  for  building  purposes  ;  they  are  of  mode- 
rate hardness  and  durability,  usually  white  or  pale  yellow. 

The  inferior  oolite  is  a  fine-grained,  compact  freestone, 
slightly  shelly,  and  yielding  blocks  of  considerable  size, 
soft  enough  to  be  cut  with  a  saw  when  first  quarried,  but 
hardening  on  exposure. 

Portland  stone  is  a  nearly  pure  limestone,  containing  a 
little  silica  and  magnesia.  It  is  denser  than  the  oolitic 
limestones,  weighing  from  135  to  147  lbs.  per  cubic  foot. 
This  stone  has,  however,  lately  given  place  largely  to 
Kentish  rag — a  calcareous  sandstone,  light  yellow  or  brown 
.in  colour,  and  sometimes  shelly.  The  cohesive  resistance 
of  the  Bolsover  Magnesian  limestone  is  8,307  lbs.  per 
square  inch,  that  of  the  Huddlestone  being  only  2,531  lbs. 
The  oolites  range  from  Bath  Box  stone,  1,492  lbs.,  up  to 
Kelton  stone,  2,556  lbs. 

Sandstones. — The  British  sandstones  are  derived  from 
the  Silurian,  Devonian,  Carboniferous,  and  New  Eed  Sand- 
stone formations.  The  former  is  extremely  hard,  and  there- 
fore well  suited  for  purposes  where  great  strength  is 
required.  The  sandstones  of  the .  Devonian  system  are  of 
dense  structure,  and  are  found  to  resist  the  weather  success- 
fully. The  carboniferous  limestones  are  generally  hard 
and  durable,  of  yellow  or  greyish  tints,  and  various  degrees 
of  coarseness.  The  millstone  grit  generally  exhibits  either 
massive  coarse-grained  blocks  suitable  for  foundations,  or 
finer  laminated  grits  suitable  for  flagstone  or  paving.  The 
cohesive  resistances  of  various  samples  was  found  to  be, 
per  square  inch,  Oraigleith,  7,881  lbs.;  Darley  Dale, 
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7,100  lbs. ;  Heddon,  3,976  lbs.  ;  Kenton,  4,970  lbs. ;  Mans- 
field, 5,112  lbs.  The  forces  required  to  crack  and  to  crush 
various  samples  of  sandstones  were  found  to  be,  Yorkshire 
(Cromwell  bottom),  2-87  and  3-94  tons  per  square  inch ; 
Craigleith,  1-89  and  2-97  tons  ;  Humbie,  1-69  and  2-06  tons  ; 
Whitby,  1-00  and  1-06  tons. 

In  using  stratified  stones  they  should  always  in  the 
structure  of  which  they  form  parts  lie  on  their  natural 
beds ;  that  is,  in  the  same  relative  positions  as  they  occupied 
in  the  quarry. 

Bricks. — The  qualities  of  bricks  vary  very  widely  with 
different  localities  and  modes  of  manufacture,  but  they 
should  in  all  cases  stand  the  test  of  prolonged  soaking  in 
water  without  either  cracking  or  becoming  spongy,  and  it 
is  important  that  they  be  cleanly  formed,  so  as  to  take  a 
uniform  bearing  when  laid  in  course.  The  following  table 
shows  the  strengths  of  various  kinds  of  brick  under  pres- 
sure, from  tests  made  in  1874.  The  pressures  are  in  tons 
per  superficial  foot.  The  actual  areae  experimented  upon 
varied  from  32  to  40  square  inches. 


Description  of  Brick. 

Cracked. 

Cracked 
generally. 

Crushed. 

Eecessed  Red  Brick,  by  Morand's  \ 

86-8 

108-1 

161-6 

Wire-cut  Eed  Brick,  by  Porter's  ) 

104-5 

155-4 

228-1 

Recessed  Red  Brick,  by  Scbolefield's  \ 

120-9 

157-1 

192-4 

"Wire- cut  Red  Brick,  by  Johnson's  i 

125-8 

177-8 

233  0 

Red  Brick  ground  in  Mortar  Mill  . 

143-9 

180-3 

200-3 

„       „     pugged  in  Pug  Mill    .  . 
„       „     Bui  war's  Machine  .    .  . 

92-7 

119-7 

163-2 

109-6 

157-4 

220-4 

Recessed  Brick,  Nottingham  Patent  \ 

152-1 

lSO-4 

204-9 

46-5 

57-9 

64-2 

43-4 

54-7 

56-6 

Burham  Gault  Brick,  Wire-cut  .  . 

75-6 

114-8 

114-9 

1  Blue  Staflfordshire  Brick  .... 
1 

136-3 

210-9 

254-7 
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Beams  of  stone,  natural  or  artificial,  do  not  seem  to 
follow  the  laws  of  resistance  to  transverse  strain  by  which 
materials  of  greater  range  of  elasticity  are  ruled,  nor  has 
their  law  of  resistance,  if  there  be  any,  yet  been  elucidated, 
so  experiments  on  this  subject  stand  in  isolation.  In 
experiments  on  cement  floors  it  has  been  found  that  a 
breaking  load  seemed  to  punch  a  hole  in  the  floor. 

Portland  Cement. — This  cement  should  weigh  at  least 
110  lbs.  per  imperial  striked  bushel,  and  must  be  ground 
sufiiciently  fine  to  pass  through  a  No.  50  gauge  sieve, 
leaving  a  residue  of  not  more  than  10  per  cent.  When 
mixed  up  neat  and  immersed  in  water,  it  should,  after 
seven  days,  be  capable  of  resisting  a  tensile  strain  of 
200  lbs.  per  square  inch.  The  following  table  shows  the 
results  of  experiments  on  the  tensile  strength  of  cement 
weighing  123  lbs.  per  bushel : — 

lbs.  per 

Sample.  lbs.  square  in. 

1  week  old  Neat  cement  363  Half  cement  and  half  Thames  sand  160 
1  month  „  416        „  „  „  201 

3     „  „  469        „  „  „  244 

6     „  „  523        „  „  „  284 

9  „  542        „  „  „  307 

12     „  „  546        „  „  „  318 

24     „  .    „  589        „  „  „  351 

The  resistance  of  the  cement  to  crushing  strain  in  tons 
per  square  inch  is,  at  three  months,  1-71 ;  at  six  months, 
2-48  ;  and  at  nine  months,  3-16  tons. 

Concrete. — The  concrete  most  generally  used  is  composed 
of  river  ballast  and  Dorking  or  Barrow  lime,  or  some  lime 
that  burns  to  a  buff  colour.  The  proportions  vary  according 
to  the  quality  of  the  materials  and  the  opinion  of  the  user. 
I  have  found  a  very  strong  concrete  for  reservoir  bottoms 
made  of  one  part  Ellis's  Barrow  lime  (Leicester),  and  five 
parts  of  gravel ;  but  the  proportions  used  in  practice  vary 
from  four  to  twelve  parts  of  ballast  to  one  of  lime.  The 
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ingredients  are  sometimes  mixed  together,  slaked  as  a 
mixture,  and  thrown  into  the  foundation  from  a  certain 
height.  Sometimes  the  ballast  is  laid  on  the  site  of  the 
work,  and  the  lime  poured  over  it  like  grout ;  but  if  this  is 
done  the  homogeneity  of  the  concrete  must  be  a  matter  of 
accident,  and  therefore  there  will  most  likely  be  great 
inequalities  of  bearing  strength,  a  condition  to  be  carefully 
avoided  in  the  foundations  of  heavy  works.  A  third  method 
consists  in  filling  the  space  to  be  concreted  with  water,  and 
throwing  in  the  lime  and  ballast  properly  mixed.  The  first 
of  these  methods  seems  the  best  and  most  reasonable,  as  in 
that  we  may  be  sure  of  uniformity  in  the  compound  if  the 
mixing  is  carefully  attended  to. 

Instead  of  gravel,  Kentish  rubble  and  granite  broken 
small  and  properly  grouted  have  been  very  extensively 
used  for  carrying  buildings  of  great  weight.  Furnace 
dross  has  also  been  used  for  the  same  purpose.  The  great 
disadvantage  of  using  broken  stone  is  that  unless  it  is  very 
carefully  laid  vacuities  are  apt  to  occur,  causing  a  break  of 
continuity,  and  ramming  is  to  be  avoided,  as  it  causes  injury 
to  the  lower  layers  already  beginning  to  set,  and  if  the 
setting  of  a  concrete  be  disturbed,  it  cannot  be  subsequently 
relied  upon  as  being  solid. 

In  considering  the  proper  quantity  of  lime  to  be  added 
to  gravel,  we  must  consider  the  nature  of  the  mass  we  are 
producing.  It  is  really  a  building  up  of  a  mass  or  wall  of 
pebbles  cemented  together  with  mortar,  that  mortar  con- 
sisting of  the  sand  existing  in  the  gravel  and  the  lime 
added  thereto  ;  it  is  evident  then  that  the  proportion  of 
lime  is  to  be  made  in  regard  to  the  quantity  of  sand,  and 
not  in  regard  to  the  quantity  of  gravel  as  a  whole. 

In  preparing  concrete  the  lime  must  be  burned,  ground, 
and  used  hot,  and  as  it  has  been  found  by  practice  and 
experiment  that  one  of  good  Dorking  lime  to  three  parts, 
or,  if  the  lime  be  very  strong,  four  parts  by  measure  of 
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«lean  sand  makes  excellent  mortar,  this  will  serve  as  a 
generally  good  proportion.  As  to  tlie  proportion  of  stones 
to  sand  in  the  gravel,  the  experience  of  those  who  have  paid 
most  attention  to  this  highly  important  matter  shows  that 
the  stones  should  be  about  double  by  measure  of  the  sand. 

In  some  experiments  on  concretes,  four  pits  were  pre- 
pared, and  masses  of  concrete  made  in  them.  No.  1  was 
made  of  screened  stones  only,  grouted  with  lime-water  ; 
No.  2,  four  parts  stone  and  one  of  sand;  No.  3,  two 
parts  sand  and  one  of  stone ;  and  No.  4,  two  parts  stone  to 
one  of  sand.  When  sufficiently  set  a  sharpened  pole  was 
forced  down  into  them,  and  the  powers  of  resistance  were 
found  to  be  in  the  contrary  order  to  the  numbers  of  experi- 
ments, and  in  various  other  experiments  it  was  invariably 
found  that  the  best  concrete  was  that  made  of  two  parts 
stone,  one  sand,  and  lime  sufficient  to  make  a  good  mortar 
with  the  latter. 

The  importance  of  care  in  preparing  concrete  founda- 
tions can  scarcely  be  overrated,  for  upon  them  the  safety  of 
the  structure  depends,  and  once  covered  up  out  of  sight, 
defects  in  the  concrete  cannot  be  detected  until  failure  of 
the  work  indicates  their  presence.  Keen  supervision  should 
therefore  be  exercised  over  this  part  of  the  work,  to  guard 
against  the  substitution  of  what  is  practically  a  dust- 
heap  for  a  good  solid  bed  of  concrete. 

The  stones  in  the  gravel  should  be  of  various  sizes,  so  as 
to  fill  all  interstices,  and  the  gravel  is  better  in  excess  than 
deficiency,  for  lime  alone  is  no  use ;  it  is  only  in  the  presence 
of  the  sand  that  mortar  is  formed.  If  pit  gravel  be  used, 
it  must  be  thoroughly  washed  to  remove  all  dirt  and  im- 
purities, and  sharp  river  sand  added  as  well  if  necessary. 

When  the  concrete  is  thrown  into  the  foundation,  what- 
ever levelling  of  surface  has  to  be  done  must  be  quickly 
done,  to  avoid  interfering  with  it  after  it  has  commenced  to 
set.    If  being  put  down  in  only  very  thin  layers,  it  may  be 
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rolled,  tlie  thickness  being  regulated  by  proper  battens 
along  the  edges. 

In  the  sea- wall  at  the  East  Cliff,  Brighton,  the  concrete 
used  was  made  of  hydraulic  lime,  beach  shingle,  and  sand. 
In  very  wet  foundations,  requiring  a  quick-setting  concrete, 
blue  lias  lime  has  been  used  with  success ;  but  this  lime  is 
not  to  be  recommended  generally,  for  although  it  makes  a 
very  hard  concrete,  it  is  more  brittle  than  Dorking  lime 
concrete,  having  very  little  elasticity.  Beton  is  made  of 
1  part  hydraulic  mortar  to  1|-  of  angular  stones. 

Morta/rs, — Mortar  may  be  made  with  1  part  lime  to  3  or 
3|-  clean  sharp  river  sand,  or  1  lime,  2  sand,  and  1  blaclc- 
smith's  ashes.  Hydraulic  mortar,  1  part  blue  lias  lime  to 
2^  parts  of  burnt  clay  ground  together ;  or  1  blue  lias  lime, 
6  sharp  sand;  1  pozzuolana  and  1  calcined  ironstone. 
Ordinary  mortar  should  be  prepared  by  first  mixing  the 
ingredients  dry,  and  they  should  then  be  slaked  and 
tempered  with  water  and  well  worked,  and  used  fresh.  No 
mortar  that  has  commenced  to  set  should  be  permitted  to 
be  used,  and  on  no  account  must  old  mortar  be  mixed  up 
again  with  fresh,  unless  it  has  previously  been  re-burnt. 

Mortar  in  setting  gradually  absorbs  carbonic  acid  from 
the  atmosphere,  and  so  forms  a  kind  of  sandstone,  contain- 
ing carbonate  of  lime,  amounting  to  about  10  per  cent, 
when  the  mortar  is  completely  set. 

The  setting  of  mortar  is  naturally  a  very  slow  process, 
and  the  time  required  for  its  completion  has  been  put  as 
high  as  twenty  years,  and  in  some  cases  it  has  been  found 
that  mortar  has  not  set  throughout  even  in  the  course  of 
centuries  ;  but  this  has  been  due  to  its  outer  surfaces  be- 
coming so  indurated  as  to  be  impermeable  to  the  atmo- 
spheric carbonic  acid,  without  the  access  of  which  the 
setting  cannot  be  completed. 

In  spreading  mortar,  all  stones  and  bricks  must  be  fairly 
and  solidly  bedded,  not  merely  carried  on  the  edges  of  a 
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bed  of  mortar,  for  in  this  case,  if  there  he  any  weight  above, 
the  splitting  of  such  unevenly  bedded  stone  or  brick  will 
probably  ensue. 

As  the  strength  of  any  structure  will  be  that  of  the  built 
stone  or  brick  and  mortar,  it  is  evident  that  as  little  as 
possible  of  the  weaker  material  should  be  introduced ;  or,  in 
other  words,  the  joints  must  be  made  as  thin  as  possible, 
and  the  surfaces  to  be  joined  should  be  made  as  true  as 
is  practicable.  For  this  reason  also  it  is  necessary,  when 
random  rubble  masonry — that  is,  masonry  built  up  of  rubble 
of  all  sorts  of  sizes  and  shapes,  not  fitted  together — is  used 
to  carry  a  heavy  weight,  that  particular  attention  should 
be  paid  to  the  quality  of  the  mortar  or  cement  employed. 

In  structures  which  are  liable  to  settle  it  is  preferable  to 
use  mortar,  as  the  cements,  by  setting  very  rapidly,  do  not 
allow  time  for  the  subsidence  of  the  various  parts  of  the 
work  ;  hence,  as  the  settlement  proceeds,  cement  joints  will 
be  apt  to  crack. 


CHAPTEE  XIX. 


EXECUTION  OF  WORK— OBLIQUE  AECHES. 

In  the  execution  of  -works  in  iron,  the  greater  part  of  tlie 
ekiU  required  is  exhibited  in  the  iron-yard ;  for  when  the 
various  parts  are  made  to  fit,  there  cannot  he  much  diffi- 
culty in  the  subsequent  putting  together,  which  merely 
requires  care  and  judgment  in  handling  and  lifting  heavy 
weights,  especially  in  rough  weather,  assuming  always 
that  the  man  in  charge  of  the  erection  understands  the 
nature  of  the  strains  the  structure  is  designed  to  resist,  so 
that  he  wiU  not  let  any  part  be  lifted  in  a  manner  that  may 
cause  undue  strain. 

On  the  ether  hand,  in  structures  of  masonry  or  briclc- ' 
work,  the  skilled  labour  is  put  in  on  the  site  of  the  work,] 
where  a  proper  system  of  inspection  must  be  maintained. 

In  aU  brick  and  masonry  work  the  bonding  must  be  so 
arranged  that  the  structure  is  as  a  whole  firmly  knit 
together  in  every  direction  ;  and  in  works  subject  to  groat 
wrenching  strains  the  component  blocks  should  be  joined 
by  joggles,  or  dovetailed  pieces  of  stone.  In  ordinary 
work  merely  sustaining  dead  weight,  such  as  abutment 
and  walls,  there  is  usually  no  vertical  bond,  the  course 
merely  resting  upon  each  other  and  cohering  by  the  inter 
posed  mortar. 

A  strong  transverse  bond  for  brickwork  is  that  ii 
which  the  courses  are  alternately  laid  lengthwise  an< 
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crosswise,  or,  as  it  is  termed,  in  headers  and  stretchers, 
as  at  A,  Fig.  85.  B  shows  an  arrangement  of  headers 
and  stretchers  in  every  course,  the  headers  being  shaded. 
The  headers  serve  to  tie  the  front  courses  to  those  behind, 
and  so  prevent  the  wall  from  splitting  in  a  direction 
parallel  to  the  face.  The  joints,  whatever  kind  of  bond  is 
used,  should  be  made  as  thin  as  is  consistent  with  the 
proper  bedding  of  the  bricks,  which  should  be  thoroughly 
soaked  by  immersion  in  water  for  some  time  before  using ; 
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Fig.  85. 


the  joints  also  must  be  completely  fiUed  by  the  mortar, 
otherwise  the  bricks  will  not  bear  fairly  upon  each  other ; 
and  it  should  always  be  insisted  that  the  joints  shall  not 
exceed  a  quarter  of  an  inch  in  thickness.  If  the  bricks 
are  cleanly  made,  good  joints  not  more  than  one-eighth  of 
an  inch  thick  can  be  made ;  but  if  the  bricks  are  rough 
and  ill-shaped,  thicker  joints  will  follow.  A  good,  sound, 
well-burnt  brick  will  give  a  clear  ringing  sound  when 
struck  with  a  hard  substance,  but  this  will  not  be  the  case 
with  soft  spongy  brick. 

A  greater  variety  of  work  will  be  found  in  that  executed 
in  stone,  from  random  rubble  to  ashlar  ;  the  former  being 
built  of  blocks  of  different  sizes,  laid  at  random  wherever 
they  wiU  fit;  the  latter  consisting  of  properly  squared 
stones,  cut  to  fit  neatly,  and  accurately  joined.  Between 
these  two  styles  there  are  several  intermediate  arrange- 
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ments,  such  as  snecked  rubble,  where  the  blocks  aie  not 
all  of  the  same  size,  but  are  placed  so  as  to  form  a  uniform 
pattern  over  the  face  of  the  work.  Block  in  course,  used 
for  parapet  and  other  walls,  has  all  the  blocks  in  each 
course  of  the  same  thickness,  though  this  thickness  need 
not  be  maintained  equal  in  all  the  courses.  Pierpoints  are 
stones  squared  up  to  fixed  dimensions,  like  a  brick,  but 
longer  in  regard  to  thickness  than  bricks  usually  are. 

I  wiU  now  point  out  the  method  of  working  stone  into 
special  forms,  and  also  how  to  determine  the  correct  forms 
for  the  stones  of  certain  special  structures. 

In  order  to  produce  a  flat  bed,  in  the  first  place  two 
grooves  or  drifts  are  to  be  cut,  one  at  or  near  each  end  of 
the  stone,  and  these  grooves  must  have  their  bottoms  in 
the  same  plane.  This  can  be  easily  done  as  follows : — 
The  stone  is  first  placed  on  a  bench  or  block  conveniently 
placed  so  that  the  side  to  be  worked,  which  is  supposed  to 
be  the  first  side,  is  as  nearly  horizontal  as  possible ;  a  rule, 
strip,  or  straight-edge  is  used  to  test  the  accuracy  of  the 
drifts :  this  rule  has  parallel  edges,  and  when  the  drifts 
are  cut  truly  horizontal  is  shown  by  placing  the  rule 
on  one  edge  in  them,  the  upper  edge  carrying  a  spirit- 
level.  If  the  surface  of  the  stone  is  to  be  horizontal,  three 
drifts  must  be  cut,  the  third  at  right  angles  to  and  connect- 
ing the  first  and  second,  aU  three  running  on  the  same 
level.  These  drifts  being  accurately  cut,  the  intervening 
stone  is  cut  away  until  a  straight-edge  passed  over  the 
work  touches  its  surface  and  the  bottoms  of  the  original 
drifts  uniformly  aU  over  the  bed  being  worked.  One 
face  having  been  thus  accurately  dressed,  others  can  be 
worked  from  it,  always  first  making  driftways  from  which 
to  gauge  the  surface  as  it  progresses.  It  is  not  always, 
however,  that  we  require  plane  surfaces,  for  the  nature  of 
the  structure  may  call  for  curved  beds,  and  sometimes  for 
twisting  or  winding  beds.    The  drifts  for  a  curved  surface 
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will  require  to  be  cut  to  special  templates  attached  to 
stocks,  tlie  plane  faces  of  the  stones  being  worked  first  to 
give  a  bearing  for  tbe  stock.  In  Fig.  86  A  is  a  stone 
squared  up  on  three  sides  ;  h  is  the  stock  applied  to  one 
side,  and   carrying  the  tem- 


plate c  by  which  the  drift  is 
tested;  the  edge  of  the  tem- 
plate is  indicated  by  the  dotted 
lines. 


A 

When  a  spiral  or  twisting  bed 

is  required,  rules  d  e,  f  g  axe   j  ^ 

used.    The  end  g  of  the  rule      ^  _  

is  deeper  than  the  end/,  in   ^,  j  -—  1 

proportion  to  the  wind  of  bed  — _____  ^ 

required.    The  edges  oi  d  e  are  Fig.  86. 

parallel. 

In  using  these  rules  to  regulate  the  depths  of  the  drifts, 
they  are  connected  together  by  iron  links  or  hooks,  so  as 
to  preserve  a  proper  distance  between  them  along  the  bed 
of  the  stone.  The  drifts  are  then  cut  so  that  when  the 
rules  are  resting  in  them  their  upper  edges  are  in  the  same 
horizontal  plane,  as  shown  by  the  application  of  the  spirit- 
level  ;  the  stone  between  the  drifts  is  then  cut  away,  the 
cutting  being  regulated  by  a  straight-edge  applied  at  right 
angles  to  the  first  drift,  and  therefore  parallel  to  the  length 
of  the  bed,  for  the  first  drift  is  to  be  cut  square  to  the 
length  of  the  bed,  and  the  rule  with  parallel  edges  placed 
in  that  drift. 

In  an  arched  bridge  all  the  thrusts  will  run  parallel  to 
the  face  ;  hence  the  coursing  joints  will  run  square  to  these 
thrusts,  and  parallel  to  the  axis  of  the  arch  or  cylinder  of 
whicli  it  is  a  part,  if  the  face  of  the  arch  is  square  to  that 
axis;  otherwise  the  coursing  joints,  to  keep  square,  or 
nearly  so,  to  the  thrusts,  must  take  a  spiral  course  about 
the  axis ;  and  this  is  the  case  in  oblique  or  skew  arches. 


224 


MATERIALS  AND  CONSTRUCTION. 


The  correct  position  of  the  courses  can  be  graphically  deter- 
mined with  facility  in  a  manner  that  I  will  now  describe. 

If  a  curved  surface  is  supposed  to  be  unrolled  and 
flattened  out,  the  figure  thus  obtained  is  called  the  de- 
velopment of  such  surface ;  thus  the  development  of  the 
inside  of  a  semi-cylinder  with  square  ends  will  be  a  rect- 
angle, having  one  side  equal  to  the  length  of  the  cylinder 
— or  width  of  the  arch — and  that  at  right  angles  to  it 
equal  to  the  radius  of  the  cylinder  multiplied  by  3-1416. 

The  inner  surface  of  an  arch  is  called  its  soflB.t  or  intrados, 
and  its  outer  surface  the  extrados,  and  upon  the  develop- 
ments of  these  the  lines  of  thrust  can  be  marked  and  the 
joints  determined;  these  developments  will  not  be  rect- 
angular in  an  oblique  arch. 

In  Fig.  87  let  a  i  c  be  a  section  of  the  arch  on  the  square, 
showing  the  intrados  only,  and  let  the  arch  in  plan  be  re- 
presented by  aegf,  the  sides  ae,  eg  being  of  course  drawn 

parallel  to  the  axis 
of  the  cylinder, 
and  at  right  an- 
gles to  the  chord 
or  diameter  a  c ; 
the  angle  af  c,  or 
eaf,  is  called  the 
angle  of  skew  or 
obliquity ;  a  o  is 
the  square  span, 
and  a f  the  skew 
span  of  the  arch  ; 
e  n,  drawn  at  right 
angles  to  e  g,  is  the 

width  of  the  arch.  Produce  a  c  io  d,  making  c  d  eqnal  to 
the  length  of  the  arc  ah  c,  and  divide  c  d  into  any  con- 
venient number  of  equal  parts,  as  shown,  and  also  divide 
the  arc  ah  c  into  the  same  number  of  equal  parts.  From 


Fig.  87. 
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the  divisions  in  c  d  draw  lines  at  right  angles  to  it, 
as  shown,  and  from  the  divisions  of  the  arc  ah  c  also  draw 
lines  at  right  angles  to  a  cd,  and  produce  them  until  they 
meet  the  face  of  the  arch  in  the  plan  af;  from  these  points 
di-aw  lines  parallel  to  a  cd,  to  meet  the  vertical  lines  drawn 
down  from  the  divisions  of  c  d,  and  the  points  of  intersec- 
tion so  found  will  be  points  in  one  edge  of  the  development 
fff  h  d.  It  will  be  observed  that  these  edges  are  curved, 
and  these  curves  show  the  shape  that  must  be  given  to  the 
lower  edges  of  the  face  stones. 

As  I  have  said  above,  the  strains  will  be  parallel  to  the 
face  of  the  arch,  hence  they  will  run  in  curved  lines,  like 
fi  d,  and  to  these  the  coursing  joints  are  to  be  at  right 
angles,  or  nearly  so ;  these  joints  will,  however,  be  made 
straight  in  development,  and  at  right  angles  to  the  straight 
line  made  by  joining/(?;  thus/^  will  be  one  of  the  cours- 
ing joints,  and  it  will  make  with  the  horizontal  line  of  the 
abutment  fg,  an  angle  gfJc,  which  angle  is  equal  to  cdf; 
for/c  d  being  a  right  angle,  cfd  is  the  complement  to  fd  c, 

and  dfh  being  a  right  angle — it  is  also  a  complement  to 

the  angle  gfh  ;  <?/is  called  the  obliquity  of  the  arch.  If 
the  obliquity  of  the  arch  and  its  rise  and  square  span  are 
given  we  can  calculate  the  other  dimensions,  having  first 
determined  the  length  of  the  arc/.    The  radius  of  the  arc 

is,  if  ?  =  «  e  and  v  =  the  rise,  i_  -j-  ^  ,  a  weU-known  for- 

mula  based  on  the  properties  of  the  circle  :  let  the  span  of 
the  arch  be  60  feet,  and  its  rise  12  feet,  then  the  radius  of  the 

intrados  wiU  be  E  =  -f-tf  =  32-04  feet.  The 

arc  being  measured  in  degrees  and  minutes,  its  length  can 
be  taken  from  a  table  of  arcs,  to  be  found  in  most  hand- 
books of  mathematical  tables  ;  the  arc  in  our  example  will 
be  102  degrees,  32  minutes:  this  will  give  for  the  length 
of  the  arc  57-28  feet ;  let  the  obliquity  of  the  arch  be 

L  3 
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24  feet :  because  a  cf  is  a  right-angled  triangle,  af  = 

•^ac  -\-Tp  —  V  50'  +  24^  =  55-46  feet  =  skew  span  of 
arch.  The  abutment  or  impost  will  be  cut  into  notches,  as 
shown  by  Im,  these  notches  having  a  rise  giving  angles  equal 
togfkoiccd /on  the  intrados ;  c  d  being  the  length  of  the  arc, 

57'28 

and  c/the  obliquity,  the  rise  is  =  one  in  2-39  ;  ane 

is  evidently  similar  to  fc  a,  therefore  the  length  of  impost 
a  e  will  bear  the  same  ratio  to  the  width  e  n  that  the  skew 
span  a  f  bears  to  the  square  span  a  c.  Let  the  width  of  the 
arch  be  30  feet,  then  the  length  of  impost  measured  on 

the  intrados  will  be  30  x  ^i^i-i^  =  33-278  feet;  let  the 

50 

impost  be  divided  into  fifteen  notches  or  checks,  the  length 
of  each  will  be  2-227  feet.    Draw  (Fig.  88)  the  straight 

line  a  h,  from  a  mark  oif  the 
J>    2-39  feet  to  scale,  and  erect  a 


be  the  template  for  the  intradosal  notches.  It  may  be 
made  of  thin  wood  or  sheet  iron,  so  that  it  will  yield  and 
adapt  itself  to  the  curve  of  the  intrados  when  pressed 
against  it  for  the  lines  indicating  its  boundaries  to  be 
marked.  The  length  of  the  check  on  the  extrados  will  be 
of  the  same  length,  but  its  height  will  be  greater  in  the 
proportion  that  the  radius  of  the  extrados  is  greater  than 
that  of  the  intrados ;  that  is,  in  the  ratio  of  the  radius  of 
intrados  to  that  radius  plus  the  thickness  of  the  arch. 
From  the  point  d  draw  (?/at  right  angles  to  al,  then  pro- 
duce it  upwards  to  g,  making  (jf  =  the  radius  plus  thick- 


j<- 


perpendicular  1  foot  high  to  c ; 
join  ca,  then  c« 5  =  the  intra- 
dosal angle;  make  ae  —  l-'lTl 
feet,  the  length  of  one  check, 
and  from  e  draw  ed  right 
angles  to  ac,  then  will  ade 


Fig.  88. 
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ness  of  arch  divided  by  the  radius  ;  join  g  a,  g  e,  tlien  age 
is  the  template  for  the  notches  on  the  extrados.  Next  as 
to  the  templates  for  the  face  voussoirs.  We  must  deter- 
mine the  elevation  of  the  face  of  the  arch,  and  ascertain 
how  the  face  joints  occur  in  it.  Let  ahc,  Tig.  89,  he  an 
elevation  of  the 
arch  square  to  its 
axis ;  «  c  is  the  line 
of  springing ;  from 
a  draw  ae,  so  that 
if  c  e  be  at  right  an- 
gles to  ac,  the  angle 
c  ea\^  equal  to  the 
angle  of  skew  of  the 
bridge.  Through 
the  elevation  ah  c 
draw  at  right  an- 
gles io  ac  any  con- 
venient number  of 
lines,  such  as  g  d, 
which  produce  until 
they  meet  ae  in  A ; 
and  from  h  draw  hj 
at  right  angles  to 
a  e,  and  making  h  i 
~df,  and  hj  —  dg. 
By  proceeding  in 
the  same  manner 
^ith  the  other  lines 
a  series  of  points  is 

obtained,  through  which  the  natural  elevation  of  the 
face  can  be  drawn;  its  boundaries  will  be  parts  of  an 
ellipse.  Having  got  thus  the  intradosal  and  extradosal 
boundaries  of  the  face,  the  next  thing  is  to  find  the  position 
of  the  joints.    These  may  be  found  by  developing  the 


Fig.  89. 
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intrados  and  extrados,  and  marking  the  courses  on  them. 
But  the  simpler  plan  is  to  find  the  focus  or  point  to  which 
all  the  face  joints  converge,  which  point  lies  beloio  the  axis 
of  the  cylinder,  of  which  the  arch  is  a  part,  and  in  some 
cases  below  the  periphery  of  that  cylinder  altogether.  If 
we  suppose  the  arch  to  be  semicircular  on  the  square,  then 
on  the  square  the  joints  at  the  springing  will  be  horizontal. 
Not  so,  however,  those  at  the  springing  on  the  face,  and 
for  this  reason  :  looking  at  the  plan  of  the  springing 
E  QI K,  it  does  not  stop  square  off  at  H  I,  but  the  extra- 
dosal  spiral  passes  farther  than  the  intradosal  by  the 
quantity  H  G,  and  during  that  passage  it  is  rising  ;  there- 
fore at  Q-  it  is  above  the  springing  at  I  by  a  quantity  equal 
to  the  rate  of  inclination  of  the  extradosal  check  multiplied 
by  the  length  H  Gr.  We  have  found  the  inclination  of 
the  intradosal  spiral  to  be  1  in  2-39.  Let  the  thickness 
of  the  arch  be  2-5  feet;  its  radius  has  been  found  to  be 
32-04  feet;  hence  the  rate  of  inclination  of  the  extradosal 

spiral  wiU  be  1  in  2-39  x  — '^^^ —  =  2-217. 
^  32-04  +  2-5 

It  is  evident  H  Q- 1  is  the  angle  of  skew ;  hence  H  G  is  to 

H  I,  the  thickness,  as  the  obliquity  is  to  the  square  span  of 

the  bridge,  Q- 1  being  in  the  ratio  of  the  skew  span.  In 

the  elevation  of  the  springing,  D  A  represents  the  rise  from 

Gr,  A  0  being  a  horizontal  line  passing  through  the  centre 

0  of  the  cylinder ;  this  line  is  in  the  plane  of  the  face  of 

the  arch.    If  D  C  be  the  joint  at  the  springing,  produce  it 

to  meet  at  B  a  vertical  line  0  B  let  fall  from  the  centre  0, 

then  B  wiU  be  the  focus  of  face  joints,  and  0  B  the  excen- 

tricity.    0  B  will  be  to  0  C  (half  the  span)  as  AD  is  to  the 

thickness  measured  on  the  face,  and  therefore  as  the  radius 

T? 

is  to  the  square  thickness.     OB  =  DA  x  — ,  if^  =  the 

square  thickness;  but  DA  =JE-^,  and  H  G  =  i5  x  — 

2-217  50 
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=  2-5  X  —  =  1-2;  henceDA  = -i^,  andOB=  ^"^ 


50  ~       '  2-217'  2-217 

X  ^1^'^^  =  6-94  feet.    Adding  this  to  the  radius,  32-04  + 

6-94  =  38-94  feet,  the  distance  of  the  focus  B  from  the 
intrados  of  the  arch  at  the  crown.  Let  h  be  the  centre  of 
the  intrados  aihl,  and  I  the  position  of  a  joint  at  the 
intrados;  draw  at  right  angles  to  ae,  and  equal  to 
38-94  feet;  then  F  will  he  the  point  from  which  all  the 
face  joints,  as  Im,  wiR  radiate,  nqropis  a  perspective 
sketch  of  the  springer. 

The  formula  for  the  excentricity  may  be  simplified.  Let 
0  =  0  B  ;  S  =  square  span ;  U  =  obliquity ;  X  —  rate 

of  inclination  of  extrados  ^as  2^^-    because  H  Gr  = 

IL>ii,  and  D  A  =  HQ  X  X,  then  0  =  DA  X  ^  =  HG 
S  ^ 

^     E     Ux^     ^     E  _  U  X  X  X  B 
X  Ji.  X  — =  -g— X  X  X  ^  S 

If  we  follow  the  course  of  a  joint  along  the  intrados  it  is 
obvious  that  it  will,  commencing  from  the  springing,  run 
out  somewhere  in  the  face  of  the  arch,  and  it  is  equally 
obvious  that  this  point  must  be  a  face  joint.  Now  it  may, 
and  most  likely  will,  happen  that  the  theoretical  inclina- 
tion of  the  intradosal  spiral  will  not  hit  a  point  in  the  face 
that  win  make  a  joint,  and  admit  of  the  proper  division  of 
the  face  into  equal  voussoirs;  then  we  must  take  the 
nearest  inclination  that  will  fit,  and  correct  our  quantities 
to  suit  it. 

Ill  Fig.  %1  gh  must  include  an  even  number  of  face 
stones.  First  find  the  theoretical  value  oigh;  it  wiU  be  at 
right  angles  to  fh,  and  will  be  to  gf,  the  length  of  impost, 
as  cf,  the  obliquity,  is  to  fd,  which  last  is  called  the  head- 
ing spiral:  fd  =  s/7l'  +  cj'  =  x/(57-28f  +  (24)^  = 
62-1  feet.     Suppose  we  wish  the  voussoirs  to  be  about 
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62'1 

15  inches  thick  on  the  intrados,  then  =  50  will  be  the 

1'25 

nearest  number;  to  get  a  keystone  the  number  must  be 
odd,  say  51,  then  each  stone  will  be  1-217  feet  thick. 

24 

The  theoretical  divergence ^  ^  =  33-278  X  =12-8. 

The  nearest  number  of  voussoirs  to  this  quantity  is  10, 
and  the  actual  divergence  12-17  feet;  hence  the  intradosal 

12-8 

rate  of  inclination  as  corrected  is  one  in  2-39  X  'i2rl7  ~ 
2-51  feet. 

To  this  value  the  other  quantities  must  be  corrected. 
The  effect  of  this  practical  correction  is  to  slightly  alter 
the  angle  of  the  lines  of  strain  to  the  joints,  but  this 
alteration  is  not  of  sufficient  magnitude  to  be  practically 
important. 

From  the  methods  given  above  the  various  templates 
can  be  made,  and  the  coursing  lines  marked  on  the  centring 
of  the  arch  to  guide  the  builders  ;  the  boards  covering 
^  the  centres  are  called  the  laggings, 
and  on  these  the  lines  are  to  be  laid 
down.  By  means  of  stocks  made  to 
a  proper  angle  the  stones  are  worked 
to  the  shape  of  the  intrados ;  but  we 
must  show  how  to  determine  the  di- 
mensions of  the  twisting  rules  for 
working  the  spiral  beds. 

In  Fig.  90  draw  the  rectangle 
fff  i  h  to  include  the  lines  f'l  and  / h, 
drawn  to  the  inclinations  of  the  ex- 
tradosal  and  intradosal  spirals  respec- 
tively. Let  I  d\)Q  the  distance  chosen 
for  the  masons'  rules  or  strips  on  the  intrados,  draw  lade 
to  represent  the  rules,  then  a  c  will  be  the  distance  apart 
of  the  rules  on  the  extrados,  and  these  distances  wiU  vary 
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as  fi  io  fh.  X  being  the  rate  of  inclination  of  tlie  extra- 
dosal  spiral,  and  Y  that  of  the  intradosal  spiral,  and  fg  h, 

f  g  i  right-angled  triangles,  ~'Yh~  '^^  +X^H- 
\/r+~Y-;  Y  as  corrected  is         and  X  = ;  hence 

then  the  distance  apart  of  the  rules  at  J  is  24  inches,  the 
distance  at  <?cwill  be  24  x  1-023  =  24-552  inches.  The 
rule  a  i  will  be  made  of  equal  width  throughout  its  length, 
but  c  d  must  be  wider  at  the  extremity  c  than  it  is  at  d  by 
a  quantity  now  to  be  found.  If  A  m  be  drawn  from  h  at 
right  angles  to  fh,  then  hm  will  represent  the  amount  of 
twist  corresponding  to  the  length  fh  on  the  intrados,  and 
the  extra  width  of  rule  (called  T)  at  c  will  be  to  distance 

apart  hd  aa  h  m  is  to  fh    T  =  h  d  x  This  can  be 

J"' 

drawn  out  to  a  large  scale,  and  the  distance  measured  off 
to  scale. 

I  have  shown  that  the  springers  are  properly  notched  to 
receive  the  spiral  courses  of  the  arch,  but  it  will  be  seen 
that  the  courses  of  masonry  in  the  abutment  below  the 
springers  are  not  laid  inclined,  but  horizontal ;  hence  there 
is  a  tendency  to  slide  the  skew  backs  upon  the  impost ; 
where  this  is  great  the  work  must  be  fastened  together 
horizontally  by  iron  cramps  built  into  the  abutments. 

When  the  skew  is  45  degrees  or  sharper,  the  edges  of 
the  voussoirs  on  the  intrados  should  be  bevelled  off  for  a 
certain  distance,  as  the  sharp  arris  that  would  otherwise  be 
left  is  not  likely  to  endure,  being  very  Uable  to  chip  during 
erection  or  by  subsequent  accident. 

It  is  a  very  common  jDractice  to  build  a  brick  arch  with 
stone  faces,  and  when  this  is  done  care  must  be  taken  that 
the  stones  are  made  of  the  correct  thickness  to  suit  the 
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bricks,  and  for  this  purpose  the  bricks  intended  to  be  used 
must  be  measured,  as  they  vary  in  size  considerably  in 
different  localities,  four  courses  ranging  in  different  parts 
of  the  country  from  12  to  14  inches,  and  perhaps  more. 
If  the  stones  are  too  thick  the  bricks  will  get  put  in  with 
thick  joints,  and  may  perhaps  fall  out  after  the  centres  are 
removed,  leaving  only  the  face  stones  standing. 

The  footings,  or  bottom  courses  of  masonry  or  brick 
structures,  should  be  made  of  large  flat  stones  (paving  or 
rag  stone),  so  that  the  bearing  may  be  equally  distributed, 
and  the  work  more  thoroughly  tied  at  the  extremities. 
Through  stones  should  also  be  placed  at  frequent  intervals, 
say  one  in  every  superficial  yard  of  face,  to  prevent  the 
work  from  splitting. 

In  carrying  out  all  descriptions  of  work  a  good  look-out 
must  be  kept  for  water,  and  where  it  appears  proper 
arrangements  must  be  made  for  carrying  it  away.  It  may 
be  brought  down  the  back  of  a  wall  by  means  of  a  dry 
lining  of  broken  stone,  and  then  brought  through  near  the 
bottom  by  pipes  running  through  the  wall  or  abutment,  as 
is  usually  done  in  the  case  of  tunnels  :  it  is  desirable,  when 
there  is  much  water  thus  flowing,  to  asphalt  the  back  of 
the  work,  to  prevent  the  water  from  working  through  and 
injuring  the  joints. 

Masonry  arches  may  be  kept  water-tight  by  a  layer  of 
good  asphalt  over  the  top  of  the  arch  and  abutments, 
this  being  covered  by  6  inches  of  sound  puddled  clay, 
which,  besides  acting  to  exclude  water,  serves  to  protect  the 
asphalt  from  being  cut  up  by  the  ballast  or  road  metalling 
above.  Puddle  is  also  used  at  the  bottom  of  a  dry  lining 
to  stop  and  turn  the  water  through  the  pipes  or  weep-holes 
that  lead  it  to  the  front  of  the  work. 

The  asphalt  should  be  about  1  inch  thick,  put  on  in 
two  layers. 

In  all  these  works  everything  depends  upon  the  quality, 
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both  of  materials  and  workmansliip,  and  as  tte  sharp  com- 
petition in  trade  cuts  work  down  to  very  low  prices,  if 
contractors  are  to  get  rich  it  must  he  at  the  expense  of 
excellence  of  work,  and  this  remark  applies  to  work  of 
all  descriptions,  excluding  only  such  steam  and  other 
machinery  as  will  not  work  if  it  is  not  properly  constructed. 

A  structure  standing  by  its  stability  having  no  active 
duty,  faults  are  not  detected  so  long  as  it  does  stand,  and 
under  the  system  of  using  face-work  to  a  great  extent,  it 
is  not  easy  to  distinguish  between  work  properly  built, 
and  that  only  heaped  up,  after  it  has  once  been  completed  : 
here,  then,  is  a  sohd  reason  for  keeping  an  inspector,  and 
one  who  is  both  competent  and  trustworthy,  on  works 
during  the  whole  time  of  their  execution.    As  a  striking 
example  of  the  difficulty  of  getting  work  properly  done, 
I  wiU  allude  to  the  almost  impossibility  of  getting  the 
ironf  ounders  in  many  districts  to  cast  columns  vertically  ; 
they  will  cast  them  horizontally,  and  of  course  the  core 
floats  up,  and  the  columns  turn  out  with  a  thick  side  and 
a  thin  one,  and  unless  there  is  a  resident  inspector  the 
specification  becomes  a  dead  letter  and  a  farce.    In  men- 
tioning this  matter  another  point  in  connection  with  it 
arises,  which  is  that  although  cast-iron  girders  do  as  a  rule 
get  tested,  the  cast-iron  columns  that  carry  them  do  not. 
The  cast  iron  used  to  support  masonry  or  brickwork  is 
subjected  to  very  heavy  loads,  and  these,  which  are  the 
maximum  loads,  are  in  many  cases  always  on  the  supports  ; 
this  is  in  contradistinction  to  the  moving  loads  on  columns, 
which  probably  after  their  testing  in  the  structure  never 
get  a  maximum  load  again;  hence  the  ironwork  for  the 
former  purpose  should  be  especially  sound  and  always  pro- 
perly tested.  The  uniformity  and  homogeneity  of  a  column 
can  be  tested  and  ascertained  in  the  following  way:  — 
Let  the  column  be  bolted  by  one  end  to  a  sohd  vertical  bed, 
so  that  the  column  is  horizontal ;  note  the  deflection  when 
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the  free  end  is  loaded  with,  the  calculated  test  load ;  then 
turn  the  column  one-quarter  round,  and  repeat  the  test, 
and  so  on  through  the  four  quarters  of  the  circle.  If  the 
column  has  been  cast  vertically  under  a  proper  head,  and 
is  of  uniform  thickness,  the  deflection  will  be  the  same  in 
each  position,  otherwise  the  deflections  will  indicate  the 
faulty  character  of  the  work,  even  if  it  does  not  give  way. 

In  carrying  out  mixed  works  of  masonry  and  iron  com- 
bined, especial  thought  is  called  for  on  the  part  of  the 
person  in  charge,  for  in  alterations  of  detail  which  may 
naturally  arise  in  such  structures,  circumstances  may  be 
brought  about  materially  altering  the  strains  on  the  iron- 
work, and  if  it  is  an  architect  in  charge  who  has  chiefly 
been  accustomed  to  work  wholly  in  masonry,  he  may  be 
apt  to  forget  that  he  is  now  dealing  not  only  with 
materials  acting  by  their  stability,  but  also  with  elements 
designed  only  to  meet  strains  and  loads  of  fixed  magni- 
tude, in  the  arrangement  of  which  the  enormous  factors  of 
safety  natural  to  the  masonry  as  regards  its  mechanical 
strength  cannot  be  obtained. 

Although  the  formation  of  embankments  may  not  be 
considered  as  coming  properly  under  the  head  of  "  con- 
struction," yet  if  it  be  not  so,  the  formation  referred  to  has 
a  very  important  action  upon  other  works  properly  included 
under  that  head,  hence  may  be  dealt  with  in  treating  of 
them. 

When  a  bank  is  to  be  tipped  behind  a  retaining  wall,  it 
should  be  tipped  away  from  it ;  that  is,  the  highest  level  of 
the  bank  should,  during  its  progress,  always  be  at  the  back 
of  the  waU,  whence  it  should  slope  downwards  away  from  the 
wall  in  each  layer  :  this  will  prevent  the  abnormal  and 
unequal  pressure  caused  by  making  a  bank  up  to  or 
approaching  the  wall  in  such  a  way  that  its  surface  is 
always,  whilst  in  progress,  sloping  upwards  from  the  wall. 
Where  dry  lining  is  used,  it  should  be  packed  bj  hand  as 
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tlie  bank  rises  behind  the  wall.  In  running  in  a  bank  be- 
tween two  walls,  the  earth  should  be  carefully  tipped,  so 
that  the  bottom  layers  are  solid  and  leave  no  large  voids, 
which  may,  by  the  subsequent  falling  in  of  superposed 
earth,  cause  violent  concussions  against  the  side  walls. 

In  concluding  these  remarks  upon  the  execution  of  work, 
I  wish  to  lay  stress  upon  the  importance  of  having  ample 
appliances  for  the  erection  of  work.  It  is  a  very  short- 
sighted policy,  in  every  sense  of  the  phrase,  to  start  with 
gear  insufficient  either  in  quantity  or  power,  leading,  as 
such  a  course  must  inevitably  do,  to  vexatious  delays,  if  not 
to  serious  accidents. 

Under  the  necessity  to  get  things  into  place  by  a  given 
time,  the  erector  may  be  induced  to  lift  work  in  a  very  un- 
suitable way,  merely  because  he  has  not  the  proper  tackle 
for  the  efficient  carrying  out  of  his  instructions,  and  the 
greatest  practical  knowledge  cannot  make  up  for  the  lack 
of  machinery. 

The  student  must  not,  in  his  early  experience  on  works, 
take  it  for  granted  that  all  he  sees  done  is  done  in  the  best 
way,  but  he  should  carefully  watch  every  detail,  and  in  Ms 
own  mind  examine  and  criticize  the  operations  proceeding 
around  him,  and  especially  note  their  results  in  the  stability 
or  otherwise  of  the  works  in  the  execution  of  which  they 
have  been  used. 


CHAPTER  XX. 


STEENGTH  OF  MATEEIALS. 

In  order  ,  to  apply  practically  the  formulae  resulting  from 
processes  of  reasoning,  certain  data,  obtainable  only  from 
experiment,  must  be  furnished  to  the  constructor  in  the 
form  of  the  strengths  of  various  materials  used  in  con- 
struction. 

At  first  sight  it  may  seem  sufficiently  easy  and  simple  to 
obtain  from  experiment  a  table  of  the  resistances  of 
materials  ;  but  practically  it  is  a  matter  requiring  great  care 
in  the  conduct  of  the  experiments,  and  perspicuity  in 
describing  the  mode  of  operation  and  recording  the 
results. 

Timber  of  all  descriptions  will  naturally  vary  very  con- 
siderably in  the  strengths  of  different  specimens,  material 
of  organic  formation  being  liable  to  an  unending  variety 
of  changes  in  the  conditions  of  growth :  thus  we  observe 
the  tensile  strength  of  fir  varies  from  18,100  to  7,000  lbs. 
per  square  inch  in  the  experiments  from  which  the  figures 
in  Table  No.  1  are  collected,  and  other  variations  quite 
as  wide  are  to  be  noticed. 

The  strengths  in  these  tables  are  given  per  square  inch 
of  sectional  area,  taken  at  right  angles  to  the  strain  where 
this  latter  is  direct,  and  in  inch  pounds  per  sectional  square 
inch  for  the  moments  of  cross-breaking  strain. 

The  strengths  of  the  cast  irons  vary  in  tension  from 
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5-67  tons  up  to  as  liigli  as  10-48  tons;  but  tlie  latter  is 
exceptionally  high :  excluding,  then,  this  one,  the  mean 
strength  of  the  remaining  samples  is  6-54  tons,  or,  including 
all  the  mean,  is  8-5  tons.  The  resistance  to  compression 
varies  between  25-19  tons  and  47-855  tons,  showing  a  mean 
resistance  of  37-76  tons  for  those  qualities  experimented 
upon. 

From  several  hundred  experiments  made  at  Woolwich 
upon  specimens  of  the  higher  qualities  of  cast  iron,  the 
ultimate  tenacity  was  found  to  range  from  10,866  lbs.,  or 
4-85  tons,  to  31,480  lbs.,  or  14  tons,  the  average  being 
21,173  lbs.,  or  9-45  tons.  In  850  samples  sent  in  for  com- 
petition the  tenacity  ranged  from  9,417  to  34,279  lbs.  The 
ordinary  cast  iron  of  commerce  gave  a  strength  little  over 
6  tons,  or  a  strength  about  the  same  as  the  majority  in  our 
table. 

In  some  of  Fairbairn's  experiments  on  various  kinds  of 
cast  iron,  we  find  strengths  exceeding  58  tons  in  compres- 
sion ;  but  this  must  be  regarded  as  exceptional. 

As  has  been  already  noticed,  the  resistance  of  cast-iron 
bars  to  transverse  breaking  is  much  higher  than  would 
be  anticipated  from  the  known  tensile  strength  of  the 
samples— a  fact  that  has  been  attributed  to  the  resistance 
of  the  layers  of  ferruginous  material  to  sliding  upon  one 
another. 

Tredgold's  experiments  on  Staffordshire  cast  iron  showed 
an  average  resistance  to  transverse  strain  of  7,645  inch  lbs. 
for  a  sectional  square  inch. 

How,  then,  are  we  to  use  these  data  when  they  vary  so 
widely  ?  is  the  question  that  arises,  and  it  is  thus  answered : 
from  the  tables  we  may  find  what  strength  it  is  reasomUe 
to  expect,  and  having  designed  our  works  in  accordance,  we 
must,  by  specified  tests,  rigorously  enforced  on  the  manu- 
facturer, see  that  we  get  it.  In  the  face  of  the  results  of 
the  experiments,  as  shown  by  the  tables,  it  were  a  mere 
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waste  of  time  and  space  to  insist  further  upon  what  is  so 
obviously  necessary  as  the  actual  testing  of  the  materials 
used  in  any  important  structure. 

I  have  taken  for  the  strengths  of  cast  iron — tension, 
7^  tons  ;  compression,  45  tons  ;  and  shearing,  15  tons  ;  the 
working  strains  for  structures  being  taken  as  ith  of  these, 
and  for  machinery  iVth  of  these  ultimate  strains ;  for  the 
ultimate  resistance  to  transverse  strain,  7,560  inch  lbs., 
which  corresponds  to  30  cwt.,  on  the  centre  of  a  bar  1  inch 
wide,  2  inches  deep,  and  36  inches  between  the  bearings. 

The  general  tensile  strength  of  wrought-iron  bars  is 
taken  at  25  tons,  and  plates  at  22  tons ;  but  the  former, 
according  to  my  own  experience,  is  certainly  too  high,  and 
probably  the  latter  is  over  the  general  strength ;  in  this, 
as  with  the  cast  iron,  tests  must  be  employed  to  insure  the 
quality  of  the  material ;  the  strengths  given  in  Table  8  for 
plates  may  be  insisted  on  as  reasonable  for  ordinary  prac- 
tice. The  wrought  iron  used  for  machinery,  being  fagoted 
or  hammered  scrap,  will  be  much  stronger,  running  to 
29  tons  in  tension. 

"Wrought  iron  has  the  great  advantage  of  being  more 
reliable  than  cast  iron  :  if  we  know  the  quality  of  one  piece, 
from  one  lot  of  bars  or  plates,  we  know  it  generally  for  the 
whole  of  that  lot ;  the  molecular  differences  which  arise  in 
different  castings  not  occurring  in  the  manufacture  of  the 
wrought  metal.  The  resistance  of  wrought  iron  to  trans- 
verse force  may  be  taken  at  12,000  inch  lbs.  It  may  gene- 
rally be  taken  that  the  elastic  power  of  good  wrought  iron 
is  uninjured  at  10  tons  per  sectional  square  inch,  and  for 
inferior  iron  the  limit  is  from  8  to  10  tons.  The  mere 
loading  of  material  once,  and  the  constant  application  and 
removal  of  loads,  especially  if  this  be  accompanied  by 
vibration,  are  very  different :  hence  it  is  important  to 
know  the  effect  of  such  vibrating  forces. 

In  order  to  determine  this  point  Mr.  Fairbairu  made  an 
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experimental  wrouglit-iron  girder,  and  arranged  testing 
machinery,  whicli  so  acted  that  the  load  was  constantly  re- 
moved and  replaced  in  such  a  way  as  to  cause  considerable 
vibration.  The  dimensions  of  the  girder  were  as  follows : — 
Span,  20  feet;  depth,  16  inches;  weight,  7  cwt.  3  qrs.  The 
section  was  made  up  of  a  web  plate  ith  inch  thick,  top 
flange  plate  4  inches  by  ^  inch  thick,  connected  with  web 
by  a  pair  of  angle  irons,  each  2  inches  by  2  inches,  by 
-i^ths  inch  thick,  and  bottom  flange  plate  4  inches  by 

1  inch  thick,  connected  to  web  by  a  pair  of  angle  irons 

2  inches  by  2  inches,  by  Aths  inch. 

The  beam,  loaded  with  ith  its  calculated  breaking  weight, 
underwent  continuously  596,790  changes  without  showing 
any  signs  of  deterioration  ;  the  load  was  then  increased  to 
fths  of  the  breaking  weight,  and  the  beam  underwent 
further  changes  to  the  number  of  403,210,  stiU  exhibiting 
no  weakness ;  the  load  was  then  increased  to  fths  the 
breaking  weight,  when,  after  5,175  changes,  the  lower 
flange  broke  near  the  centre  of  the  girder.  The  rivets 
held  perfectly  throughout,  none  of  them  being  loosened. 
From  this  we  conclude  that  not  more  than  ith  the  breaking 
weight  is  safe  where  there  is  vibration  in  action,  but  that 
Jth  is  quite  safe. 

In  the  ordinary  wear  of  materials,  it  is  their  resistance 
within  the  limits  of  their  elasticity  that  is  called  into  action, 
and  care  must  be  taken  that  this  limit  is  not  exceeded ;  for 
when  it  is  once  impaired,  the  strength  of  the  material  wiU 
continue  to  deteriorate,  and  it  will  go  on  lengthening  or 
shortening  with  successive  loads  until  it  ultimately  breaks. 

Table  No.  7  shows  the  data  of  elasticity  collected  from 
various  sources  for  materials  generally,  and  others  corre- 
sponding to  the  transverse  resistance  of  timber  are  given 
in  Table  No.  3.  These  latter  wiU  be  found  much  lower 
than  the  former. 

The  question  of  the  elasticity  of  materials  is  a  very 
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delicate  one ;  the  experiments  require  a  microscopic  care 
of  details,  and  the  variations  give  rise  to  much  perplexity 
— as  data  from  which  to  calculate  the  deflection  of  struc- 
tures, the  tabulated  numbers  are  nearly  valueless,  "We 
find  the  modulus  of  elasticity  of  wrought  iron,  for  instance, 
vary  from  Hodgkinson's  24,000,000  lbs.  to  Rankine's 
29,000,000  lbs.,  a  difference  of  20  per  cent.;  and  this  is 
for  solid  iron. 

When  the  effects  of  manufacture  come  in,  as  in  wrought- 
iron  works,  there  is  the  additional  element  of  uncertainty 
in  the  quality  of  the  riveting.  I  give,  however,  below 
(for  what  it  is  worth)  the  modulus  of  elasticity  deter- 
mined from  examples  of  different  kinds  of  girders,  but 
cannot  say  that  in  actual  practice  I  have  found  these  figures 
fit:— 

Modulus  op  Elasticity  from  Experiments  on  Transverse  Strain. 
Cast-iron  rectangular  bars  (simple)  15,200,000  lbs.  =  6,785  tons. 

„  „  (mixed)  18,892,000  „  =  8,434  „ 
Square  and  circular  tubes  .  .  12,215,000  „  =  5,453  „ 
I  Girders   13,200,000  „  ==  5,893  „ 


[  16,360,000  „  ==  7,''>04 


Wrought-iron  rolled  floor  beams  \  to 

(  21,570,000  „  =  9,630  „ 

Single-webbed  plate  girder   .       .  14,316,000  „  =6,391  „ 

Double       „          „    .       .       ,23,610,000  „  =10,641  „ 

Tubular  (Conway  Bridge)  girder  .  18,764,000  „  =  8,372  „ 

In  the  rolled  floor  beams  there  is  noticed  a  variation  of 
nearly  32  per  cent.  From  a  number  of  plate-webbed 
girders,  made  from  iron  guaranteed  at  21  tons  per  sec- 
tional inch,  the  modulus  of  elasticity  being  calculated, 
ranged  at  about  7,000  tons. 

Experiments  on  the  elasticity  of  materials  enable  us, 
however,  to  examine  their  molecular  constitution.  It  is 
assumed  that  the  resistances  to  extension  and  shortening 
are  equal,  and  the  alterations  of  length  in  simple  ratio  to 
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the  load.  In  a  niimber  of  experiments  on  cast  iron  the 
ratio  of  weight  to  extension,  between  loads  of  0-47  and 
6-60  tons  per  square  inch,  ranged  from  117,086  to  79,576, 
and  the  apparent  limit  of  elasticity  was  -^rth  the  breaking 
weight.  In  compression  from  0-92  to  16-56  tons  per  square 
inch  that  ratio  varied  between  110,120  and  90,304,  the 
limit  of  elasticity  being  -Mh  of  the  weight  that  permanently 
injured  the  bar. 

In  compression  at  1-84  tons,  the  elastic  compression  (re- 
covered on  removing  the  load)  was  0"03652  inch  in  a 
10-foot  bar  ;  the  nearest  load  to  this  in  the  experiments  on 

1  "88 

extension  was  1-88  tons  per  square  inch :  0-03652  x 

=  0-03731  inch  ;  the  actual  extension  was  0-03735,  or 
practically  the  same  as  that  calculated  from  the  compres- 
sion.   At  3-68  tons  the  compression  was  0-07234;  this 

would  give  for  3-76  tons  per  square  inch  0-07234  x 

=  0-07385  inch";  that  observed  in  extension  under  this 
load  was  0-07926  inch,  showing  a  very  considerable  dif- 
ference. So  in  the  compression  corresponding  to  a  load  of 
0-9217  ton,  that  calculated  from  the  extensions  is  0-0177, 
as  against  0-0182  in  the  experiment ;  but  in  these  instances 
the  elasticity  is  imperfect,  for  in  the  extension  experiments 
permanent  set  occurred  at  0-7  ton,  and  in  compression  at 
0-92  ton  per  square  inch. 

As  to  the  uniformity  of  extension,  aU  we  have  practi- 
cally to  deal  with  are  those  up  to  the  highest  strain  used 
in  practice — say  up  to  3  tons  per  sectional  square  inch — 
which  is  used  in  some  hydraulic  apparatus.  Taking  the 
first  experimental  number,  the  extensions  corresponding  to 
the  increasing  weights  are  calculated  by  the  common 
formula  for  comparison  with  the  actual  extensions.  In 
compression  we  take  up  to  9  tons  in  the  same  way ;  the 
bars  were  10  feet  long. 

M 
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Load — 
Tons  per 
Sq.  Inch. 

Extensions 
in  Xnches. 

 . — 

Calculated 
Extensions . 

Load — 
;   Tons  per 
Inch. 

[  

Compres- 
sions in 
Inches. 

Calculated 
Compres- 
sions. 



0-47 

0-00900 



0-9217 



0-01828 



0-70 

0-01348 

0-01340 

1-8400 

0-03652 

0-03648 

0-94 

0-01805 

0-01800 

2-7600 

0-05578 

0-05473 

1-41 

0-02763 

0-02700 

3-6800 

0-07234 

0-07297 

1-88 

0-03735 

0-03600 

4-6000 

0-09097 

0-09122 

2-35 

0-04735 

0-04500 

5-5200 

0-10942 

0-10946 

2-82 

0-05758 

0-05400 

6-4400 

0-12758 

0-12770 

7-3600 

0-14626 

0-14595 

8-2800 

0-16454 

0-16419 

9-2100 

0-18140 

0-18263 

From  these  tables  the  compressions  follow  more  closely 
the  generally  received  law  than  the  extensions,  and  they 
may  be  regarded  as  fairly  supporting  the  theory.  The 
following  results  are  found  from  experiments  on  wrought 
iron : — 

In  20  readings  under  loads  from  0-56  tons  to  11-26  tons 
per  sectional  square  inch,  the  ratio  of  the  weight  to  the 
extension  varies  from  219,459  to  242,665,  the  next  highest 
being  234,982,  so  that  the  first  is  probably  exceptional ; 
the  mean  is  230,760.  Here,  then,  the  extensions  are 
tolerably  regular. 

In  the  experiments  on  the  cast-iron  bars,  the  rods  in 
compression  were  cased  to  prevent  deflection.  The  modulus 
of  elasticity  will  be  seen  to  have  varied  in  extension  from 
14,050,320  lbs.  to  12,377,040  lbs.,  the  mean  of  these  two 
being  13,213,680  lbs.;  in  compression  from  13,214,400  lbs. 
to  12,013,680,  of  which  the  mean  is  12,614,040  lbs. 

The  modulus  of  elasticity  of  wrought  iron,  correspond- 
ing to  the  mean  ratio  of  weight  to  extension,  as  givea 
above,  is  27,691,200  lbs. 
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TABLE  No.  1. 


Ultimate  Tensile  Kesistance  of  Timber  in  Lbs.  per  Square 
Inch  of  Section. 


Ash  . 
Beech 
Elm  . 
Fir  . 

„  American. 

„  Memel 

„  Riga  . 

„  Mar  Forest 
Larch 
Hornbeam 
Mahogany 
Oak  . 

„  English 
„  African 
„  Canadian 
„  Dantzic 
Teak 


19,600  to  15,784 

22,200  „  11,500 

14,400  „  13,489 

18,100  „  7,000 
12,000 
11,000 
12,600 
12,000 
10,200 

20,240  to  4,263 

21,800  „  8,000 

19,800  „  9,000 

16,000 

14,400 

12,000 

14,500 

16,000  to  8,200 


TABLE  No.  2. 


Ultimate  Resistance  ov  Timber  to  Crushing  in  Lbs.  per 
SauARE  Inch  of  Section. 


Ash  . 
Beech 
Elm  . 
Fir  . 
Hornbeam  . 
Mahogany  . 
Oak,  English 
„  Dantzic 
Teak  . 


9,363  to  8,683 
9,363  „  7,733 

10,331 
6,819  „  5,375 
7,289  „  4,533 
8,280 

10,058  „  6,484 
7,731 

12,101 . 
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TABLE  No.  3. 
TuANSviiiiSE  Kesistance  of  Timber. 
E,  modulus  of  elasticity  ;  S,  ultimate  moment  of  resistance  in 
incli  lbs. 


E. 

s. 

Teak  .... 

.  603,600 

2,462 

Poon  .... 

.  422,400 

2,221 

English  Oak  . 

)5               ))            •              •  • 

.  218,400 

1,181 

.  362,800 

1,672 

Canada  „ 

.  536,200 

1,766 

Dantzic  „       .       .  . 

.  297,800 

1,457 

Adriatic  „       .       .  . 

.  243,600 

1,383 

Ash  

.  411,200 

2,026 

Beech  .... 

.  338,400 

1,556 

Elm  

.  174,960 

1,013 

Pitch  Pine 

.  306,400 

1,632 

Eed     „  ... 

.  460,000 

1,341 

New  England  Fir  . 

.  547,800 

1,102 

Eiga  „ 

.  332,200 

1,108 

Mar  Forest  „ 

.  161,340 

1,144 

Larch  .... 

.  154,080 

853 

Norway  Spar  . 

.  364,400 

1,474 

TABLE  No.  4. 
Ultimate  Tensile  Resistance  of  Metals  in  Tons  pkr 
StiUARE  Inch  of  Section. 


Cast  Iron,  cast  horizontally   8*48 

„         „   vertically   8-70 

Tilted  Cast  Steel   69-93 

Hammered  Blister  Steel   59-43 

Sheer  Steel   56-97 

Welsh  Wrought  Iron   29-30 

Stafford     „   27-15 

Swedish     „         „   29'00 

Fagoted     „        „   29-00 

Iron  Wire  •       •  38-40 

Hard  Gun  Metal   16-23 

Hammered  Wrought  Copper   16-08 

Cast  Copper   8-51 

Fine  Yellow  Brass   8-01 

Cast  Tin   2-11 

Cast  Lead   0-81 
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TABLE  No.  5. 


Ultimate  Resistance  of  various  Cast  Irons  in  Tons  per 
SauARE  Inch  of  Section. 


T,  resistance  to  tensile  force. 
C,  crushing  „ 


Low  Moor,  No.  1 
No.  2 
Clyde,  No.  1 
„     No.  2 
„     No.  3 
Blaenavon,  No.  1 
No.  2 . 
Calder,  No.  1 
Coltness,  No.  3  • 
Brymbo,  No.  1 

No.  3  . 
Bowling,  No.  2  . 


T. 

5-667 


6-  201  { 

7-  198  J 
7-949  { 

10-477 
6-222  I 
6-380  I 
6-131  I 


44 
41 
41 
39 
49 
45 
(47 
i  46 
40 
35 
30 
30 
32 
33 

6-820  { 

33 


6-440 
6-923  { 
6-032  i 


{  33 


C. 
809 
198 
430 
219 
459 
616 
103 
549 
855 
821 
662 
964 
606 
594 
229 
921 
723 
460 
390 
784 
988 
356 
987 
028 


TABLE  No.  6. 

Ultimate  Eksistange  of  various  Buildinu  Materials  to  Crushing 
Force  in  Lbs.  per  Square  Inch  of  Section. 

Portland  Stone   1,284 

Statuary  Marble   3,216 

Craigleith    „    8,688 

Chalk   501 

Pale  Red  Brick                                                  .  562 

Gloucester  Roe  Stone   644 

Red  Brick   808 

Fire  Brick   1,717 
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Derby  Grit       .....       .       .       .  3,142 

Killaly  White  Freestone   4,566 

Portland          „    4,571 

Craigleith        „    5,487 

York  Paving   5,714 

White  Statuary  Marhle   6,059 

Bramley  Fall  Sandstone   6,059 

Cornish  Granite   6,364 

Dundee  Sandstone   6,630 

Craigleith    „    6,916 

Devon  Eed  Marble   7,428 

Compact  Limestone   7,713 

Peterhead  Granite   8,283 

Black  Compact  Limestone   8,855 

Purbeck   9,160 

Black  Brabant   9,219 

Blue  Aberdeen  Granite     ......  10,914 


TABLE  No  7. 

Modulus   of  Elasticity  and  Limit  of  Elastic  Resistance  of 
VARIOUS  Materials  in  Lbs,  per  Square  Inch  op  Section. 


Material. 


Brass  .    .  . 
Gun  Metal  . 
Cast  Iron 
Wrought  Iron 
Lead  .  . 
Steel   .    .  . 
Tin  ... 
Zinc    .    .  . 
Marble    .  . 
Slate   .    .  . 
Portland  Stone 
Ash  ... 
Beech  .    .  . 
Ehn    .    .  . 
Fir  (Eed)  . 
Larch      .  . 
Mahogany  . 
Oak    .    .  . 


Modulus. 


8,930,000 
9,873,000 

18,400,000 

24,920,000 
720,000 

29,000,000 
4,608,000 

13,680,000 
2,520,000 

15,800,000 
1,633,000 
1,640,000 
1,345,000 
1,540,000 
2,016,000 
1,074,000 
1,596,000 
1,700,000 


Limits. 
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TABLE  No.  8. 


"Summary  of  Ultimate  and  Working  Resistances  of  VAmors 
Materials  in  Tons  per  Square  Inch  of  Section. 


Material. 

Ultimate  Strength. 

Working  Strengt!;. 

Ten- 
sion. 

Com- 
pression. 

Shear- 
ing. 

Ten- 
1  sion. 

Compres- 
sion. 

Shear- 
ing. 

Steel  Bars  .... 

45 

70 

30 

9 

9 

6 

j9      L  iciieb  .... 

40 

:  8 

Wrought-iron  Bars 

25 

17 

22 

5 

Si- 

4^ 

Plates  . 
Iron  Wire  Cable .    .  . 

22 

17 

20 

4 

4 

40 

8" 

Cast  Iron  

71 

45 

15 

]^  i 

9 

3 

Ash  

Beech  

7* 
5 

4 
4 

Of 

0,1 
Ot 

0,1- 

Elm  

Fir  

6 
5 

4* 
2| 

Of 
Oi 

Of 
0^ 

H 
OA 

Oak  

oj 

Tealc  

5 

1 

Granite  

3i 

0| 

Sandstone  

l| 

0.^ 

INDEX. 


i  BUTMENTS,  199 
J\.   Adventitious  bracing,  80 
Anchorage,  110 
Angle  and  tee-iron  struts,  116 
Angle-iron  covers,  160 
Arches,  iron,  97 
Arch,  tied,  89-100 
Arches,  masonry,  199 
Arches,  oblique,  222 
Auxiliary  girder,  139 

BEAMS,  moment  of  resistance 
of,  22 

Beams,  supported  at  both  ends, 
32-38 

Beams,  triangular  loads,  39 
Bedstones,  162 
Bending  stress,  5-18 
Bolts,  proportions  of,  129 
Bowstring  girder,  73 
Bracing,  adventitious,  80 
Brick  bonding,  221 
Bricks,  strength  of,  214 
Butt  joints,  128 

CAMBER  of  girders,  96 
Cantilever,  shearing  strain, 

52 

Cantilevers,  29 
Cast  iron,  quality  of,  168 
Cast-iron  columns,  11-5 
Centre  of  gravity,  18 
Coefficients  of  friction,  182 
Columns  and  struts.  111 
Combinations  of  girders,  137 
Concrete,  215 
Counter-bracing,  89 
Counterforts,  195 


Cover-joint  plate,  122 
Crescent  girder,  77 
Cross  girders,  148 
Crushing  stress,  7 
Curved  retaining  walls,  191 
Curve  of  strain,  42 

DAMS,  184 
Deflection  of  girders,  51,  92- 

94 

Distributing  girder,  142,  153 

ECONOMICAL  proportions  of 
girders,  172 
Elasticity,  modulus  of,  4,  240; 

limit  of,  8 ;  range  of,  9 
Expansion  rollers,  167 
External  forces,  5 

FIXED  girders,  43-46 
Flying  buttress,  203 
Footings,  232 

Forces,  external,  5  ;  parallelogram 
of,  14  ;  of  waves,  183 ;  inclined, 
14;  tangential,  49 ;  moment  of, 
12 ;  internal,  3 

Foundations,  209 

Framed  structures,  56 

Framed  cantilevers,  60 

Friction,  10,  180,  181;  limiting 
angle  of,  181 ;  coefficients  of, 
182;  stability  of,  180 

GIB  and  cotter,  130 
Girder,  auxiliary,  139;  bed- 
stones,  162 ;    bowstring,   73  ; 
camber  of,  96  ;  combinations  of, 
137 ;    crescent,   77 ;   cross  or 
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transverse,  148;  deflection  of, 
51 ;  distributing,  142-153;  fixed 
one  end,  46 ;  fixed  both  ends, 
43 ;  main,  155 ;  triangular,  65 

Granites,  212 

Gravity,  centre  of,  18 

Gussets,  87 

INCLINED  force,  U 
j.    Initial  strain,  83 
Internal  forces,  3 
Iron  roof  joints,  134 
Iron  arches,  97 

JOINTS  and  connections,  117 
Joints,  timber,  118 

LEVER,  13 
Limit  of  elasticity,  8 
Limestones,  213 
Limiting  angle  of  friction,  181 

MAIN  girders,  155 
Masonry  arches,  199;  abut- 
ments, 199 
Matter,  molecules  of,  2 
Modulus  of  elasticity,  4,  240 
Moleciiles  of  matter,  2 
Moment  of  resistance  of  beams, 
22 

Moment  of  force,  12 
^EUTEAL  axis,  21,  53 

QBLIQUE  arches,  222 

pARALLELOGRAM  of  forces. 

Permanent  set,  8 
Pierpoints,  222 

Piers,   wind  pressure  on,  204 ; 

bracing,  84 
Portlajid  cement,  215 


RADIAL  pressure,  50 
Range  of  elasticity,  9 
Reservoir  walls,  184 
Retaining  walls,  184;  for  earth, 

188  ;  curved,  191 
Rivets,  123 
Rivet  holes,  125 
Ri\;cts,  proportions  of,  124 
Rollers,  expansion,  167 
Roof  trusses,  77 

QANDSTONES,  213 
D    Screw  piles,  210 
Screw  bolts,  129 
Semi-chain  bridges,  108 
Semi-beams,  29 
Shearing  stress,  6 
Stability,  178;  frictional,  180 
Steel  columns,  116 
Stifi'eners,  87 

Strain,  curve  of,  42 ;  initial,  83 
Strength  of  materials,  236  ;  timber 

columns,  115;  cast  iron,  115; 

wrought  iron,  116;  L  and  T- 

iron,  116 ;  steel,  116 
Struts  and  columns.  111 
■  Suspension-bridges,  106 ;  chains, 

107 

TANGENTIAL  forces,  49 
Tee-iron  stitFeners,  163 
Testing  structures,  170 
Tied  arch,  89,  100 
Timber  columns,  strength  of,  115  ; 

joints,  118 
Transverse  girders,  148 
Triangular  load  on  beams,  39 
Triangular  girder,  65 

WAVES,  force  of,  183 
Web,  163 
Winding  beds,  223 
Wind  pressure,  84,  183,  204,  206 
Wrought-iron     columns,  116; 

girders,  weight  of,  147 
Wrought  iron,  quality  of.  169 
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THE  MECHANICAL  HANDLING  OF  MATERIAL. 

A  Treatise  on  the  Handling  of  Material  such  as  Coal,  Ore,  Timber,  &c., 
by  Automatic  or   Semi-Automatic  Machinery,  together  with   the  Various 
Accessories  used  in  the  Manipulation  of  such  Plant,  and  Dealing  fully  with 
the  Handling,  Storing,  and  Warehousing  of  Grain,     By  G.   F.  Zimmer, 
A.M. Inst. C.E.    528  pages  Royal  8vo,  cloth,  with  550  Illustrations  (including 
Folding  Plates)  specially  prepared  for  the  Work        .       .       .  JVet  25/0 
"  The  author  has  spared  no  pains  to  make  his  work  truly  representative  of  all  that  has  been 
done  in  this  line  from  the  earliest  days  up  to  and  including  installations  of  the  latest  type  and  most 
recent  date.    It  is  an  essentially  practical  work  written  by  a  practical  man,  who  is  not  only 
thoroughly  acquainted  with  his  subject  theoretically,  but  who  also  has  the  knowledge  that  can 
only  be  obtained  by  actual  experience  in  working  and  planning  installations  for  the  mechanical 
handling  of  raw  material.    It  is  a  work  that  everyone  who  is  really  interested  in  the  economical 
side  of  tne  question  should  study." — The  Times. 

HOISTING  MACHINERY. 

An  Elementary  Treatise  on.  Including  the  Elements  of  Crane  Construction 
and  Descriptions  of  the  Various  Types  of  Cranes  in  Use.  By  Joseph 
Horner,  A.M.I.M.E.,  Author  of  "Pattern-Making,"  and  other  Works. 
Crown  8vo,  with  215  Illustrations,  including  Folding  Plates,  cloth.     Net  7/6 

"We  commend  this  excellent  book  to  all  who  make  use  of  hoists  and  cranes.  Mr.  Horner 
has  had  a  long  and  varied  experience  in  the  work  of  crane  building,  and  is  properly  qualified  to 
impart  useful  and  reliable  information  to  others. Builder, 

AERIAL  OR  WIRE-ROPE  TRAMWAYS. 

Their  Construction  and  Management.  ByA.  J.Wallis-Tayler,  A.M.Inst.C.E. 

With  81  Illustrations.    Crown  8vo,  cloth  7/6 

"  An  excellent  volume,  and  a  very  good  exposition  of  the  various  systems  of  rope  transmission 
in  use  and  gives  as  well  not  a  little  valuable  information  about  their  working,  repair,  and  manage- 
ment.   We  can  safely  recommend  it  as  a  useful  general  treatise  on  the  subject."— £«£'W!«r. 

MODERN  MILLING  MACHINES. 

Their  Design,  Construction,  and  Working.  A  Handbook  for  Practical  Mer. 
and  Engineering  Students.  By  Joseph  Horner,  A.M.I  Mcch.E.,  Author  of 
"  Pattern  Making,"  &c.    With  269  Illustrations.    Medium  8vo,  cloth 

[Just  Published.    Net    1  2/6 
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MODERN  MACHINE  5H0P  TOOLS. 

A  Practical  Treatise  describing  in  every  detail  the  Construction,  Operation 
and  Manipulation  of  both  Hand  and  Machine  Tools  ;  being  a  work  of  Practical 
Instruction  in  all  Classes  of  Machine  Shop  Practice,  including  Chapters  on 
Filing,  Fitting  and  Scraping  Surfaces  ;  on  Drills,  Reamers,  Taps  and  Dies ; 
the  Lathe  and  its  Tools  ;  Planers,  Shapers  and  their  Tools  ;  Milling  Machines 
and  Cutters ;  Gear  Cutters  and  Gear  Cutting ;  Drilling  Machines  and  Drill 
Work;  Grinding  Machines  and  their  Work;  Hardening  and  Tempering, 
Gearing,  Belting,  and  Transmission  Machinery;  Useful  Data  and  Tables. 
By  William  H.  Van  Dervoort.M.E.  Fourth  Edition.  Illustrated  by  673 
Engravings.    Medium  8vo,  cloth  JVet    2 1  /O 

TOOLS  FOR  ENGINEERS  AND  WOODWORKERS. 

Including  Modern  Instruments  of  Measurement.  By  Joseph  Horner, 
A.M. Inst. M.E.,  Author  of  "Pattern  Making,"  &c.  Demy  8vo,  with  456 
Illustrations.  [Just  Publtshed.    Q/Q  net. 

"  As  an  all-round  practical  work  on  tools  it  is  more  comprehensive  than  any  with  which  we 
are  acquainted,  and  we  have  no  doubt  it  will  meet  with  the  large  measure  of  success  to  which  its 
merits  fully  entitle  it." — A/echanical  IVorld. 

SUMMARY  OF  CONTENTS  ;— INTRODUCTION.— GENERAL  SURVEY  OF  TOOLS.— TOOL 

Angles.— SEC.  I.  chisel  group.— Chisels  and  Applied  Forms  for  Woodworkers. 
—Planes.— Hand  Chisels  and  Applied  Forms  for  metal  Working.— Chisel-like 
Tools  for  Metal  Turning,  planing,  &c.— Shearing  Action  and  Shearing  Tools.— 
Sec.  II.  Examples  of  Scraping  Tools.— Sec.  Ill  Tools— Relating  to  Chisels  and 
Scrapes.— Saws.— Files.— milling  Cutters.— Boring  Tools  for  wood  and  Metal. 
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and  Caulking  Tools.— Moulding  and  modelling  Tools.— Miscellaneous  Tools. 
—Sec.  V.  Hardening,  Tempering,  Grinding  and  Sharpening.— Sec.  VI.  tools 
for  Measurement  and  Test.— Standards  of  Measurement.— Squares,  Surface 
Plates,  levels,  Bevels,  Protractors,  &c.— Surface  Gauges  or  Scribing  blocks. 
— Co.MPASSES  and  Dividers.— Calipers,  Vernier  Calipers,  and  related  Forms.— 
—Micrometer  Calipers.— Depth  Gauges  and  rod  Gauges.— Snap  Cylindrical  and 
Limit  Gauges.— Screw  thread.  Wire  and  reference  Gauges.— Indicators,  etc. 

PRACTICAL  METAL^TURNINQ. 

A  Handbook  for  Engineers,  Technical  Students,  and  Amateurs.  By 
Joseph  Horner,  A. M.l.Mech.E.,  Author  of  "  Pattern  Making,"  &c.  Large 
Cr.  8vo,  cloth,  with  488  Illustrations.  [Just  Published.   Net  9/O 

Summary  of  Contents  :— Introduction.— Relations  of  Turnery  and  Machine 
Shop.— Sec.  I.  The  Lathe,  its  Work,  and  Tools.— Forms  and  Functions  of  Tools. 
Remarks  ON  Turning  in  general.— sec.  II.  Turning  Between  Centres.— Centring 
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FOR  Centres.— Mandrel  Work.— Sec.  III.  work  supported  at  One  End.— Face 
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Universal,  Toggle,  and  applied  Chucks.— Sec.  IV.  Internal  Work.— Drilling, 
Boring,  and  allied  Operations.— Sec.  V.  Screw  cuttings  and  Turret  Work, 
—sec.  VI  Miscellaneous.  —  special  Work.  —  Measurement,  Grinding. —  Tool 
Holders— Speed  and  Feeds,  Tool  steels.— Steel  makers'  Instructions. 

THE  MECHANICAL  ENUINEER'S  REFERENCE  BOOK. 

For  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  General 
Engineering  Data.  Part  II.  Boiler  Construction.  Witn  51  Plates  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I.N. A.  Second  Edition, 
Revised  throughout  and  much  Enlarged.    Folio,  half-bound  .    JVei    £3  Ssi 

PART  I.— measures.— circumferences  and  areas,  &c.— squares.  Cubes, 
Fourth  powers.— square  and  Cube  Roots.— Surface  of  tubes.— reciprocals.— 
Logarithms.  —  Mensuration. —  specific  Gravities  and  weights.— work  and 
power.  —  Heat.  —  Combustion.  —  Expansion  and  contraction.  —  Exp.^nsion  op 
Gases.— Steam.— Static  forces.— gravitation  and  attraction.— motion  and 
Computation  of  Resulting  forces.— accumulated  Work.— Centre  and  Radius 
of  gyration.— Moment  of  Inertia.— Centre  of  Oscillation.— Electricity.— 
.strength  of  Materials.— Elasticity.— Test  Sheets  of  metals.— Friction.— 
Transmission  of  Power.— Flow  of  Liquids.— Flow  of  G.\sf-S.— air  Pumps,  Surface 
Condensers,  &c.— Speed  of  steamships.— propellers.— Cutting  Tools.— Flanges, 
—copper  sheets  and  tubes  -screws,  Nuts,  Bolt  Heads,  &c.— Various  Recipes 
,<nd  Miscellaneous  Matter.— with  DIAGRAMS  for  Valve-Gear,  Belting  and 
Ropes,  Discharge  and  suction  Pipes,  screw  propellers,  and  copper  Pipes. 

PART  II.— Trhating  op  Power  of  Boilers.— Useful  Ratios.— Notes  on 
Construction.  —  cylindrical  boiler  Shells.  —  Circular  Furnaces.  —  Flat 
Plates.— stays.  —  Girders.— screws.  —  Hydraulic  Tests.  —  Riveting.  —  Boiler 
Setting,  Chimneys,  and  mountings.— Fuels,  &c.— Examples  of  boilers  and  Speeds 
OK  Steamships.— nominal  and  Normal  Horse  power.— With  DIAGRAMS  for  all 
Boiler  Calculations  and  Drawings  of  many  Varieties  of  Boilers. 

"  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  The  diagrams  are  a  great  feature  of  the 
work.  It  may  be  stated  that  Mr.  Foley  has  produced  a  volume  which  will  undoubtedly  fulfil  the 
desire  of  the  author  and  become  indispensable  to  all  mechanical  engineers.  " — Marine  £ngineer. 

"We  have  carefully  examined  this  work,  and  pronounce  It  a  most  excellent  reference  book 
for  the  use  of  marine  engineers." — youmal  0/ American  Society  0/ Naval  Engineers, 
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THE  WORKS'  MANAQER'5  HANDBOOK. 

Comprising  Modern  Rules,  Tables,  and  Data.    For  Engineers,  Millwrights, 
and  Boiler  Makers  ;  Tool  Makers,  Machinists,  and  Metal  Workers  ;  Iron  and 
Brass  Founders,  &c.    By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Practical  Engineer's  Handbook."    Sixth  Edition,  carefully 
Revised,  and  Enlarged.    Medium  8vo,  strongly  bound     .       .       .1  5/0 
gil^  The  A  uthor  having  compiled  Rules  and  Data  for  his  own  use  in  a  great 
variety  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date— believing  that  a  practical  work,  suited  to 
the  DAILY  REQUIREMENTS  OF  MODERN  ENGINEERS,  would  be  favourably  received. 

"  The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  workshop  practice,  rather  than  from  the  theoretical  or  Uterary  aspect.  The 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experience, 
and  Is  seldom  written  in  books."— TAf  Engineer. 

"  The  volume  is  an  exceedingly  useful  one,  brimful  with  engmeer's  notes,  memoranda,  and 
rules  and  well  worthy  of  being  on  every  mechanical  engineer's  hookshelt."— Mechanical  IVorld, 

STEAM  BOILER  CONSTRUCTION. 

A  Practical  Handbook  for  Engineers,  Boiler-Makers,  and  Steam  Users. 
Containing  a  large  Collection  of  Rules  and  Data  relating  to  Recent  Practice 
in  the  Design,  Construction,  and  Working  of  all  Kinds  of  Stationary,  Loco- 
motive, and  Marine  Steam-Boilers.  By  Walter  S.  Hutton,  Civil  and 
Mechanical  Engineer,  Author  of  "  The  Works'  Manager's  Handbook,"  "The 
Practical  Engineer's  Handbook,"  &c.  With  upwards  of  500  Illustrations. 
Fourth  Edition,  carefully  Revised,  and  Enlarged.  Medium  8vo,  over  680  pages, 

cloth,  strongly  bound   1 8/0 

WfBf^  This  Work  is  issued  in  continuation  of  the  Series  of  Handbooks  written 
by  tht  Author, viz.  .-—"The  Works'  Manager's  Handbook  "  and  "  The  Practical 
Engineer's  Handbook,"  which  are  so  highly  appreciated  by  engineers  for  the 
practical  nature  of  their  information ;  and  is  consequently  written  in  the  same  style 
as  those  works. 

"  One  of  the  best  if  not  the  best,  books  on  boilers  that  has  ever  been  published.  The  infor- 
mation is  of  the  right  kind,  in  a  simple  and  accessible  form.  So  far  as  generation  is  concerned,  this 
is,  undoubtedly,  the  standard  book  on  steam  pnctice."— Electrical  Kevte-u  . 

"  Every  detail,  both  in  boiler  design  and  management,  is  clearly  laid  before  the  reader.  The 
volume  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
sciences ;  and  such  a  book  is  of  the  utmost  value  to  the  /in  de  siicle  Engineer  and  Works  Manager." 
—Marine  Engineer.  .  ,       ,      ..  t 

••  There  has  long  been  room  for  a  modern  handbooK  on  steam  boilers  ;  there  is  not  that  room 
now,  because  Mr.  Hutton  has  filled  it.  It  is  a  thorouglily  practical  book  for  those  who  are  occupied 
in  the  construction,  design,  selection,  or  use  of  hoWets."— Engineer. 

PLATINQ  AND  BOILER  MAKING. 

A  Practical  Handbook  for  Workshop  Operations.  By  Joseph  G.  Horner, 
A.M.I.M.E.  380  pp.  with  338  Illustrations.  Crown  8vo,  cloth  .  .7/6 
"  This  work  is  characterised  by  that  evidence  of  close  acquaintance  with  workshop  methods 
which  will  render  the  book  exceedingly  acceptable  to  the  practical  hand.  We  have  no  hesitation 
in  commending  the  work  as  a  serviceable  and  practical  handbook  on  a  subject  which  has  not 
hitherto  received  much  attention  from  those  qualified  to  deal  with  It  in  a  satisfactory  manner."— 
Mechanical  World. 

A  TREATISE  ON  STEAM  BOILERS. 

Their  Strength,  Construction,  and  Economical  Working.    By  R.  Wilson,  C.E. 

Fifth  Edition.    i2mo,  cloth  6/0 

"  The  best  treatise  that  has  ever  been  published  on  steam  hcOsx^."— Engineer. 

BOILER  AND  FACTORY  CHIMNEYS. 

Their  Draught-Power  and  Stability.  With  a  chapter  on  Lightning  Conductors. 
By  Robert  Wilson,  A.I.C.E.,  Author  of  "  A  Treatise  on  Steam  Boilers,"  &c. 

Crown  Bvo,  cloth  3/6 

"  A  valuable  contribution  to  the  literature  of  scientific  building."— TVte  Builder. 

BOILERMAKER'S  ASSISTANT. 

In  Drawing,  Templating,  and  Calculating  Boiler  Work,  &c.  By  J, 
Courtney,  Practical  Boilermaker.    Edited  by  D.  K.  Clark,  C.E.  Seventh 

Edition.    Crown  8vo,  cloth  •       ■  2/0 

"  With  very  great  care  we  have  gone  through  the  '  Boilermaker's  Assistant  '  and  have  to  say 

that  it  has  our  own  unqualified  approval.     Scarcely  a  pomt  has  been  omitted."— Foreman 

Engineer. 
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BOILERMAKER'S  READY  RECKONER. 

With  Examples  of  Practical  Geometry  and  Templating  for  the  Use  of 
Platers,  Smiths,  and  Riveters.  By  John  Courtney.  Edited  by  D.  K.  Clark, 

M.Inst.C.E.     Crown  8vo,  cloth  4/0 

"A  most  useful  work.  No  workman  or  apprentice  should  be  without  it." — Iron  Trade 
Circular. 

BOILERMAKER'5  READY  RECKONER  &  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths,  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark, 
M.Inst.C.E.  Fifth  Edition,  480  pp.,  with  140  Illustrations.  Fcap.  8vo,  half- 
bound   7/0 

This  Work  consists  of  the  two  previous  mentioned  volumes,  "Boilermaker's 
Assistant,"  and  "  Boilermaker's  Ready  Reckoner,"  bound  together  in 
One  Volume. 

"  No  workman  or  apprentice  should  be  without  this  book." — fron  Tradt  Circular. 

STEAM  BOILERS. 

Their  Construction  and  Management.   By  R.  Armstrong,  C.E.  Illustrated. 

Crown  8vo,  cloth  1/6 

*'  A  mass  of  information  suitable  for  beginners." — Desi<^n  and  IforA. 

THE  PRACTICAL  ENGINEER'S  HANDBOOK. 

Comprising  a  Treatise  on  Modern  Engines  and  Boilers,  Marine,  Locomotive, 
and  Stationary.    And  containing  a  large  collection  of  Rules  and  Practical 
Data  relating  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.    The  whole  constituting  a  com- 
prehensive Key  to  the  Board  of  Trade  and  other  Examinations  for  Certificates 
of  Competency  in  Modern  Mechanical  Engineering.    By  Walter  S.  Hutton, 
Civil  and  Mechanical  Engineer,  Author  of  "The  Works'  Manager's  Handbook 
for  Engineers,"  &c.     With  upwards  of  420  Illustrations.     Sixth  Edition, 
Revised  and  Enlarged.    Medium  8vo,  nearly  560  pp.,  strongly  bound.    1  8/0 
This  Work  is  designed  as  a  companion  to  the  Author's  "Works' 
Manager's  Handbook."    It  possesses  many  new  and  original  features,  and  con- 
tains, like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publication 
but  collected  oy  the  A  uthor  for  his  own  use  in  the  construction  of  a  great  variety  of 
Modern  Engineering  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  420  Engravings ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  all  engaged  in  designing,  constructing,  or  estimating  for  Engines,  Boilers, 
and  other  Engineering  Work. 

"We  have  kept  It  at  hand  for  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not 
on  a  single  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  In  quest." 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 
something  that  will  be  of  service  to  him." — Marine  Engineer. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  or  students  of 
engineering. " — Scotsman . 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on 
mechanical  engineering." — Building  Tvctvs. 

"  The  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has 
shown  much  judgment  in  the  selections  he  has  made.  .  .  .  There  is  no  doubt  that  this  book  is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendium." — Ent^neer. 

'*  A  mass  of  information  set  down  in  simple  language,  and  in  such  a  form  that  it  can  be  easily 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen,  and  Is  greatly  elucidated 
by  the  illustrations.  The  book  vrtU  find  its  way  on  to  most  engineers'  shelves,  where  it  will  rank  as 
one  of  the  most  useful  books  of  reference." — Practical  Bng-tneer. 

"  Full  of  useful  Information,  and  should  be  found  on  the  office  shelf  of  all  practical  engineers." 
^E7lfflish  Mechanic. 

TEXT-BOOK  ON  THE  STEAM  ENGINE, 

With  a  Supplement  on  Gas  Engines  and  Part  II.  on  Heat  Engines.  By 
T.  M.  GooDEVEj  M.A.,  Earrister-ac-Law,  Professor  of  Mechanics  at  the  Royal 
College  of  Science,  London  ;  Author  of  "  The  Principles  of  Mechanics,"  "  The 
Elements  of  Mechani&m,"  &c.  Fourteenth  Edition.  Crown  8vo,  cloth  .  6/0 
'*  Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  will  bear  comparison 
with  anything'  written  by  Huxley  or  Maxwell,  and  we  can  awaid  it  no  higher  praise." — Enginee-r. 

"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  possess  himself." 
Mining^  journal. 
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A  HANDBOOK  ON  THE  STEAM  ENGINE. 

With  especial  Reference  to  Small  and  Medium-sized  Engines.  For  the  Use  of 
Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students,  and  users 
of  Steam  Power.  By  Herman  Haeder,  C.E.  Translated  from  the  German 
with  additions  and  alterations,  by  H.  H.  P.  Powles,  A.M.I.C.E.,  M.I.M.E. 
Third   Edition,    Revised.      With  nearly   i,ioo  Illustrations.     Crown  8vo, 

cloth  JVet  7/6 

"  A  perfect  encyclopjedia  of  the  steam  en^ne  and  its  details,  and  one  wliicli  must  take  a  per- 
manent place  in  English  drawing-otiices  and  woricshops. " — A  Foreman  Pattern-^naker. 

*'  This  is  an  excellent  boolc,  and  should  be  in  the  hands  of  all  who  are  interested  in  the  con- 
struction and  design  ot  medium-sized  stationary  engines.  ...  A  careful  study  of  its  contents  and 
the  arrangement  of  the  sections  leads  to  the  conclusion  that  there  is  probably  no  other  book  like  it 
in  this  country.  The  volume  aims  at  showing  the  results  of  practical  experience,  and  it  certainly 
may  claim  a  complete  achievement  of  this  idea." — Nature. 

"  There  can  be  no  question  as  to  its  value.  We  cordially  commend  it  to  all  concerned  in  the 
design  and  construction  of  the  steam  engine." — Mechanical  World. 

THE  PORTABLE  ENGINE. 

A  Practical  Manual  on  its  Construction  and  Management.  For  the  use 
of  Owners  and  Users  of  Steam  Engines  generally.     By  William  Dyson 

Wansbrough.    Crown  8vo,  cloth  3/6 

"  This  Is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every 
one  who  has  a  steam  engine,  on  a  farm  or  elsewhere." — Mark  Latu  Express. 

THE  STEAM  ENGINE, 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples  for 
Practical  Men.    By.  T.  Baker,  C.E.    Crown  8vo,  cloth     .       .  .1/6 
"  Teems  with  scientific  information  with  reference  to  the  steam-engine." — Design  and  Work. 

THE  STEAM  ENGINE. 

For  the  use  of  Beginners.    By  Dr.  Lardner.    Crown  8vo,  cloth     .    1  /6 

LOCOMOTIVE  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 
Michael  Reynolds,  M.S.E.    Twelfth  Edition.    Crown  8vo,  cloth,  3/6; 

cloth  boards  4/6 

"  We  can  confidently  recommend  the  book,  not  only  to  the  practical  driver,  but  to  everyone 
who  takes  an  interest  in  the  performance  of  locomotive  engines." — The  En^i^ieer. 

THE  LOCOMOTIVE  ENGINE. 

The  Autobiography  of  an  Old  Locomotive  Engine.  By  Robert  Weather- 
burn,  M.LM.E.  With  Illustrations  and  Portraits  of  George  and  Robert 
Stephenson.    Crown  8vo,  cloth  Net  2/8 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines 
betvifeen  1803  and  1903.    By  Clement  E.  Stretton,  C.E.    Sixth  Edition, 

Revised  and  Enlarged.    Crown  8vo,  cloth  Net  4/6 

"  Students  of  railway  history  and  all  who  are  Interested  In  the  evolution  of  the  modern 
locomotive  will  find  much  to  attract  and  entertain  in  this  volume." — The  Times. 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fireman,  and  Engine-Boy.    Comprising  a  Historical  Notice  of  the  Pioneer 
Locomotive  Engines  and  their  Inventors.    By  Michael  Reynolds.  Second 
Edition,  with  Revised  Appendix.   Crown  Svo,  cloth,  3/6  !  cloth  boards.  4/6 
"  We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine." — Iron, 

LOCOMOTIVE  ENGINES. 

A  Rudimentary  Treatise  on.  By  G.  D.  Dempsey,  C.E.  With  large 
Additions  treating  of  the  Modern  Locomotive,  by  D.  K.  Clark,  M.Inst. C.E. 

With  Illustrations.    Crown  Svo,  cloth  3/0 

"A  model  of  what  an  elementary  technical  book  should  he."—^4cademy. 

CONTINUOUS  RAILWAY  BRAKES. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom, 
their  Construction  and  Performance.    By  M.  Reynolds.    Svo,  cloth  9/0 
"  A  popular  explanation  of  the  different  brakes.    It  will  be  of  great  assistance  in  forming 
public  opinion,  and  will  be  studied  with  benefit  by  those  who  tajce  an  interest  in  the  brcike." — Sns-lish 
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ENGINE-DRIVING  LIFE. 

Stirring  Adventures  and   Incidents  in  the  Lives  of  Locomotive  Engine- 
Drivers.    By  Michael  Reynolds.    Third  Edition.    Crown  8 vo,  cloth  .  1/6 
'*  From  first  to  last  perfectly  fascinating.    Wilkie  CoUins's  most  thrilling  conceptions  are 
thrown  into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page." — North 

British  Mail. 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Stationary  Engines.  By 
Michael  Revnolds,  M.S.E.    Seventh  Edition.    Crown  8vo,  cloth,  3/6 ; 

cloth  boards  4/6 

"  The  author  is  thoroughly  acquainted  with  his  subjects,  and  has  produced  a  manual  which  is 
an  exceedingly  useful  one  for  tlie  class  for  whom  it  is  specially  intended." — Etigineerin^. 

THE   CARE  AND   MANAGEMENT  OF  STATIONARY 

ENQINES. 

A  Practical  Handbook  for  Men-in-charge.  By  C.  Hurst.  Crown  8vo.  JVei  1  /O 

THE  ENQINEMAN'5  POCKET  COMPANION, 

And  Practical  Educator  for  Enginemen,  Boiler  Attendants,  and  Mechanics. 

By  Michael  Reynolds.    With  45  Illustrations  and  numerous  Diagrams. 

Fifth  Edition.  Royal  i8mo,  strongly  bound  for  pocket  wear  .  .  3/6 
"  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  Information  an 
engine-minder  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  require." — 
The  Miller. 

THE  SAFE  U5E  OF  STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users.  By  an  Engineer.  Eighth 
Edition.    Sewed  6d, 

"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become 
sens.itlons  by  their  t^TAty ."—English  Mechanic, 

STEAM  AND  MACHINERY  MANAGEMENT. 

A  Guide  to  the  Arrangement, and  Economical  Management  of  Machinery, 
vifith  Hints  on  Construction  and  Selection.   By  M.  Powis  Bale,  M.Inst.M.E. 

Crown  8vo,  cloth  2/6 

"  Gives  the  results  of  wide  experience." — Lloyd's  Newspaper. 

GAS-ENGINES  AND  PRODUCER=GAS  PLANTS. 

A  Treatise  setting  forth  the  Principles  of  Gas  Engines  and  Producer  Design, 
the  Selection  and  Installation  of  an  Engine,  Conditions  of  Perfect  Operation, 
Producer-Gas  Engines  and  their  Possibilities,  the  Care  of  Gas  Engines  and 
Producer-Gas  Plants,  with  a  Chapter  on  Volatile  Hydrocarbon  ^and  Oil 
Engines.  •  By  R.  E.  Mathot,  M.E.  Translated  from  the  French.  With  a 
Preface  by  Dugald  Clerk,  M.Inst.C.E.,  F.C.S.  Medium  8vo,  cloth, 
310  pages,  with  about  150  Illustrations.  Published.    Net  "|  2/0 

*'  Any  work  on  these  subjects  which  bears  the  hall-mark  of  Mr.  Dugald  Clerk's  approval  is 
sure  to  receive  careful  attention,  but  there  can  be  little  doubt  about  the  welcome  that  will  be 
accorded  to  Mr.  Mathot's  book  for  its  own  sake.  Mr.  Clerk  remarks :  '  I  know  of  no  work  which 
has  gone  so  fullv  into  the  details  of  gas  engine  installation  and  up-keep.'  The  author  deals  not 
only  with  the  construction  of  the  gas-engine,  but  also  with  all  the  details  of  its  installation  and  the 
conditions  essential  to  satisfactory  working."— yoj.'r^a/  0/  Gcis  Lighting. 

GAS  AND  OIL  ENGINE  MANAGEMENT. 

A  Practical  Guide  for  Users  and  Attendants,  being  Notes  on  Selection,  Con- 
struction, and  Management.  By  M.  Powis  Bale,  M.Inst.C.E.,  M.I  Mech.E. 
Author  of  "  Woodworking  Machinery,"  &c.    Crov/n  Bvo,  cloth     .    IVei  3IQ 

THE  GAS=ENGINE  HANDBOOK. 

A  Manual  of  Useful  Information  for  the  Designer  and  the  Engineer.  By  E.  W. 
Roberts,  M.E.  With  Forty  Full-page  Engravings.  Small  Fcap.  8vo,  leather. 

Ne^  Q/6 

ON  GAS  ENGINES. 

With  Appendix  describing  a  Recent  Engine  with  Tube  Igniter.    By  T.  M. 

Goodeve,  M.A.    Crown  8vo,  cloth  2/6 

"  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exception  In  point  of  general  excellf  nee. 
It  is  3  valuable  little  volume." —Mechanical  IVorld, 
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THE  ENGINEER'S  YEAR  BOOK  FOR  1906. 

Comprising  Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mech^ical, 
Electrical,  Marine  and  Mine  Engineering.  By  H.  R.  Kempe,  M.InstX.E., 
Principal  Staff  Engineer,  Engineer-in-Chief 's  OtSce,  General  Post  Office, 
London,  Author  of  "A  Handbook  of  Electrical  Testing,'  "  xhe  Electrical 
Engineer's  Pocket- Book,"  &c.  With  i,ooo  Illustrations,  specially  Engraved 
for  the  work.    Crown  8vo,  950  pp.,  leather.  [Just  Pubhshed.  8/0 

"  Kempe's  Year-Book  really  requires  no  commendation.  Its  sphere  of  usefulness  is  widely 
known,  and  it  is  used  by  engineers  the  world  over."— The  Engineer.  ^„„„t„, .. 

"The  volume  Is  distinctly  In  advance  of  most  similar  publications  In  this  country.  — 

^"^'"f-J^"f  Valuable  and  well-designed  book  of  reference  meets  the  demands  of  all  descriptions  of 
engineers. " — Saturday  RevieTv.  ,       ,       ,  .  *i  „  m 

"  Teems  with  up-to-date  Information  In  every  branch  of  englaeering  and  construction.  - 

^"'^'"f  hiTeeds  of  the  engineering  profession  could  hardly  be  supplied  In  a  mote  admirable, 
complete  and  convenient  form.  To  say  that  it  more  than  sustains  all  compansons  Is  praise  of  the 
highest  sort,  and  that  may  justly  be  said  ol it."— Mintn£'  Journal. 

THE  MECHANICAL  ENGINEER'S  POCKET-BOOK. 

Comprising  Tables,  Formulae,  Rules,  and  Data :  A  Handy  Book  of  Reference 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnear  Clark,  M.Inst.C.E., 
Fifth  Edition,  thoroughly  Revised  and  Enlarged.  By  H.  H.  P.  Powles, 
A.M.Inst.C.E.,  M.I.M.E.    Small  Svo,  700  pp.,  Leather     .       .    Net  6/0 

SUMMARY  OF  CONTENTS  :— MATHEMATICAI-  TABLES.-MEASUREMBNT  OF  SURFACES 
AND  SOLIDS—ENGLISH  WEIGHTS   AND    MEASURES—FRENCH  ^^BTRIC  WEIGHTS  AN^ 

Measures -FOREIGN    Weights   and   measures— Monevs.-Specific  gravity, 

WEIGHT,  AND  VOLUME.-MANUFACTURED  METALS.-STEEL  PIPES.-BOLTS  AND  NUTS.- 
SUNDRY  ARTICLES  IN  WROUGHT  AND  CAST  IRON,  COPPER,  BRASS,  LEAD,  TIN,  ZINC.- 
STRENGTH   OF    MATERIALS.  -  STRENGTH   OF   TIMBER. -STRENGTH  CASf  IRON.- 

STRENGTH  OF  WROUGHT  IRON.-STRENGTH  OF  STEEL.-TENSILE  STRENGTH  OP  COPPER, 
LEAD,  &C—RESISTANCE  OF  STONES  AND  OTHER  BUILDING  MATERIALS^-RlVErED  JOINTS 
IN  BOILER  PLATES.-BOILER  SHELLS. -WIRE  ROPES  AND  HEMP  ROPES.-CHAINS  AND 
CHAIN  CABLES— FRAMING.-HARDNESS  OF  METALS,  ALLOYS,  AND  aTONES.-LABOT^ 
ANIMALS.-MECHANICAL  PRINCIPLES.-GRAVITY  AND  FALL  OF  BODIES. -ACCELERAT  NG 
^"retarding  FORCES.-MILL  GEARING,  SHAFTING,  ^^^--TRANSMISSION  OF  MOTIVE 
POWER.-HEAT. -COMBUSTION :  FUELS.-WARMING,  VENTILATION,  COOKING  STO\  E3.- 
STE..VM— STEAM  ENGINES  AND  BOILERS— RAILWAYS.-TRAMWAYS.-STEAM  SHIPS— 
PUMPING  STEAM  ENGINES  AND  PUMPS. -COAL  GAS  GAS  ENGINES,  &=-7AlR  ^  MOT^^^^ 
-COMPRESSED  AIR.-HOT  AIR  ENGINES.-WATER  POWER.-SPEED  OF  CUTTING  TOOLS. 
—COLOURS.— ELECTRICAL  ENGINEERING. 

"  Mr.  Clark  manifests  what  Is  an  Innate  perception  of  what  is  likely  to  be  useful  In  a  pocket- 
book,  and  he  is  really  unrivaUed  in  the  art  of  condensation.  It  is  very  difficult  to  hit  upon  any 
mechanical  engineering  subject  concerning  which  this  work  supplies  no  information,  aiid  the 
exceUent  index  at  the  end  adds  to  its  utility.  In  one  word,  it  is  an  exceedingly  handy  and  efficient 
tool  possessed  of  which  the  engineer  wiU  be  saved  many  a  wearisome  calculation,  or  yet  more 
wearisome  hunt  through  various  text-books  aiid  treatises,  and,  as  such,  we  can  heartUy  recommend 
it  to  our  readers."- TVk  Engineer, 

"It  would  be  found  difficult  to  compress  more  matter  within  a  slmUar  compass,  or  produce  a 
b-jokof  700  pages  which  should  be  more  compact  or  convenient  for  focket  reference.  ...  Will 
be  appreciated  by  mechanical  engineers  of  all  classes."— Prartzira:/  Engineer. 

PRACTICAL  MECHANICS'  WORKSHOP  COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulae  in  Mechanical 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.  By  William  TEMPLETObi,  Author  of 
"  The  Engineer's  Practical  Assistant,"  &c.,  &c.  Eighteenth  Edition,  Reviseo, 
Modernised,  and  considerably  Enlarged  by  W.  S.  Hutton,  C.E.,  Author  of 
"The  Works'  Manager's  Handbook,"  &c.    Fcap.  Svo,  nearly  500  pp.,  with 

8  Plates  and  upwards  of  250  Diagrams,  leather  6/0 

"  In  its  modernised  form  Hutton's  '  Templeton '  should  have  a  wide  sale,  for  it  contains  much 
valuable  information  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which 
he  might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of  Xem^XeXon..' " —English  Mechanic. 

"  It  has  met  with  great  success  in  the  engineering  workshop,  and  there  are  a  great  many  men 
Who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  hook."— Building  iVews. 

"  This  familiar  text-book  is  of  essential  service  to  the  every-day  requirements  of  engineers, 
millwrights,  and  the  various  trades  connected  with  engineering  and  building.  The  new  modernised 
edition  is  worth  its  weight  in  gold."— Building  Aews.    (Second  Notice.) 

"This  welliknown  and  largely-used  book  contains  information,  brought  up  to  date,  of  the 
sort  so  useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  h^s  be?n  introduced  as 
to  constitute  it  practically  a  new  hook.."— Mechanical  IVorld. 
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ENGINEER'5  AND  MILLWRIGHT'S  ASSISTANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.    By  William  Templkton. 

Eighth  Edition,  with  Additions.    i8mo,  cloth  2.6 

"  Occupies  a  foremost  place  aaiong  books  of  this  kind.  A  more  suitable  present  to  an 
apprentice  to  any  of  the  mechanical  trades  could  nor  possibly  be  made." — Building  News. 

It  should  be  In  the  '  drawer  of  every  mechanic."- /3;;i.>/«A 


TABLES  AND  MEMORANDA  FOR  ENGINEERS, 

MECHANICS,  ARCHITECTS,  BUILDERS,  &c. 

Selected  and  Arranged  by  Francis  Smith.  Seventh  Edition,  Revised,  including 
Electrical  Tables,  FoRMULiK,  and  Memoranda.    Waistcoat-pocket  size, 

limp  leather  -J  /g 

"  It  -would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 
to  suit  ALL  engineers  as  it  would  he  to  make  a  universal  medicine ;  but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a  successful  attempt." — Hn^ineer, 

"  The  best  example  we  have  ever  seen  of  270  pages  of  useful  matter  packed  into  the  dimen- 
sions of  a  ciLiA-case." —Building-  News.  "  A  veritable  pocket  treasury  of  knowledge."— /rtfn. 

THE  MECHANICAL  ENGINEER'S  COMPANION. 

Of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  millimetres, 
squares,  cubes,  roots,  &c.  ;  Strength  of  Bolts,  Weight  of  Iron,  &c.  ;  Weights, 
Measures,  and  other  Data.    Also  Practical  Rules  for  Engine  Prof>ortions.  By 

R.  Edwards,  M.Inst.C.E.    Fcap.  8vo,  cloth  3/3 

"A  very  useful  little  volume.  It  contains  many  tables,  classified  data  and  memoranda 
generally  useful  to  engineers," — Enpinetr. 

"  What  it  professes  to  be,  '  a  handy  office  companion,'  giving  in  a  succinct  fonn  a  variety  of 
information  likely  to  be  required  by  mechanical  engineers  in  their  everyday  office  work."— Aa/i<r«. 

MECHANICAL  ENGINEERING  TERMS 

(Lockwood's  Dictionary  of).    Embracing  those  current  in  the  Drawing  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  Com- 
prising upwards  of  6,000  Definitions.    Edited  by  J.  G.  Horner,  A.M.I.M.E. 
Third  Edition,  Revised,  with  Additions.    Crown  8vo,  cloth  .       .    Nei  7/6 
"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  In  mechanical  en- 
gineering.   The  practical  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and  every 
foreman  engineer  and  mechanic  should  have  a  copy." — Building'  News, 

POCKET  GLOSSARY  OF  TECHNICAL  TERMS. 

English-French,  French-English ;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing,  and  Nautical  Professions.     By  John  James 
Fletcher.    Fourth  Edition,  200  pp.  Waistcoat-pocket  size,  limp  leather  1 1Q 
"  It  is  a  very  great  advantage  for  readers  and  correspondents  In  France  and  iingiand  to  have 
so  large  a  number  of  the  words  relating  to  engineering  and  manufactures  collected  In  a  lUlputlan 
volume.    The  little  book  will  be  useful  both  to  students  and  travellers.  " — Architect. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arranged. 
We  cordially  commend  the  book,"  —Mechanical  It  'orld. 

IRON  AND  STEEL. 

A  Work  for  the  Forge  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock-takers  ; 
Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iron  and  Metal 
Founders ;  Iron  Ship  and  Bridge  Builders ;  Mechanical,  Mining,  and  Con- 
sulting Engineers ;  Architects,  Contractors,  Builders,  &c.  By  Charles  Hoare, 
Author  of  "  The  Slide  Rule,"  &c.    Ninth  Edition.    32roo,  leather        .  6/0 

WORKMAN'S  MANUAL  OF  ENGINEERING  DRAWING. 

By  John  Maxton,  Instructor  in  Engineering  Drawing,  Royal  Naval 
College,  Greenwich.  Eighth  Edition.  300  Plates  and  Diagrams.  Crown  8vo, 

cloth  3/5 

"  A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — Engineering. 

PATTERN  MAKING. 

Embracing  the  Main  Types  of  Engineering  Construction,    and  including 
Gearing,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns,  Screws, 
Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam  and 
Greensand,  Weight  of  Castings,  &c.    By  J.  G.  Horner,  A.M.I.M.E.  Third 
Edition,  Enlarged.    With  486  Illustrations.    Crown  8vo,  cloth.    .    JSTei  7/6 
"A  well-written  technical  guide,  evidently  written  by  a  man  who  understands  and  has  prac- 
tised what  he  has  written  about.  ,  .  .  We  cordially  recommend  it  to  engineering  students,  young 
journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making." — Builder. 

"An  excellent  vade  mecum  for  the  apprentice  who  desires  to  become  master  of  his  trade." 
'—English  Mechanic, 
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PRACTICAL  PATTERN-MAKING. 

A  Practical  Work  on  the  Art  of  Making  Patterns  for  Engineering  and  Foundry 
Work,  including  (among  other  matter)  Materials  and  Tools,  Wood  Patterns, 
Metal  Patterns,  Pattern  Shop  Mathematics,  Cost,  Care,  &c.,  of  Patterns.  _  By 
F.  W.  Barrows.  Fully  Illustrated  by  Engravings  made  from  Special  Drawings 
by  the  Author.   Crown  8vo,  cloth.  /tisi  Published.    Net  6/0 

SMITHY  AND  FORGE. 

Including  the  Farrier's  Art  and  Coach  Smithing.    By  W.  J.  E.  Crane. 

Crown  8vo,  cloth  2/6 

"  The  first  modem  English  book  on  the  subject.  Great  pains  have  been  bestowed  by  the 
author  upon  the  boolc  ;  shoeing-smiths  will  find  it  both  useful  and  interesting."— i?KzVrfc>-. 

TOOTHED  GEARING. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  J.  Horner,  A.M.I.M.E. 
Second  Edition,  with  a  new  Chapter  on  Recent  Practice.  With  184  Illustra- 
tions.   Crown  Bvo,  cloth  6/0 

"  We  give  the  book  our  unqualified  praise  for  its  thoroughness  of  treatment,  and  recommend 
it  to  all  interested  as  the  most  practical  book  on  the  subject  yet  vAtK&Si.  "— Mechanical  V/orld. 

MODERN  WORKSHOP  PRACTICE, 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floating  Docks, 
Dredging  Machines,  Bridges,  Shipbuilding,  &c.    By  J.  G.  Winton.  Fourth 

Edition,  Illustrated.    Crown  Svo,  cloth  3/6 

"Whether  for  the  apprentice  determined  to  master  his  profession,  or  for  the  artisan  bent 

upon  raising  liimself  to  a  higher  position,  this  clearly-written  and  practical  treatise  will  be  a  great 

help." — ScoCsjnan. 

DETAILS  OF  MACHINERY. 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  the 
Fitting  Shop,  Foundry,  and  Boiler  Yard.     By  Francis  Campin,  C.E. 

Crown  Bvo,  cloth  3/0 

"A  sound  and  practical  handbook  for  all  engaged  in  the  engineering  UaAss."— Building 
World. 

ENGINEERING  ESTIMATES,  COSTS,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  numerous  examples  of  Estiraates 
and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and 
Steam  Boilers ;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  By 

A  General  Manager.  Second  Edition.  Svo,  cloth  1  2/0 

"  This  Is  an  excellent  and  very  useful  book,  covering  subject-matter  In  constant  requisition  In 

every  factory  and  workshop.  .  .  .  The  book  is  invaluable,  not  only  to  the  young  engineer,  but 

also  to  the  estimate  department  of  every  works- " — Builder. 

"  We  accord  the  work  unqualified  praise.    The  Information  Is  given  In  a  plain,  straightforward 

manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 

every  phase  of  commercial  engineering."— A/lE<:Aan»c:<j:/  World, 

MECHANICAL  ENGINEERING. 

Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Workshop 
Machinery,  Mechanical  Manipulation,  Manufacture  ot  the  Steam  Engine, 
&c.    By  Francis  Campin,  C.E.    Third  Edition.    Crown  Svo,  cloth  2/6 
"  A  sound  and  serviceable  text-book,  quite  up  to  d^ite."— Building  News. 

LATHE-WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  Art  of  Turning.    By  Paul  N.  Hasluck.     Eighth  Edition.  Crown  Bvo, 

cloth  5/0 

"  Written  by  a  man  who  knov/s  not  only  how  work  oueht  to  t>e  done,  but  who  also  kiiows  how 

to  do  it,  and  how  to  convey  his  knowledge  to  others.    To  all  turners  this  book  would  i3e  valuable."— 

En/fineering. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  it  wiU  simply  be 
invaluable.   To  the  student  it  will  convey  a  great  deal  of  useful  Information  "—Eii^  ineer. 

SCREW-THREADS, 

And  Methods  of  Producing  Them.    With  numerous  Tables  and  complete 
Directions  for  using  Screw-Cutting  Lathes.    By  Paul  N.  Hasluck,  Author 
of  "  Lathe- Work, "  &c.    Sixth  Edition.    Waistcoat-pocket  size      .  .1/6 
"  Full  of  useful  information,  hints  and  practical  criticism.    Taps,  dies,  and  screwing  tools 
generally  are  illustrated  and  their  action  i&scx&eii."— Mechanical  World, 
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CONDENSED  MECHANICS. 

A  Selection  of  Formulae,  Rules,  Tables,  and  Data  for  the  Use  of  Engineering 
Students,  &c.    By  W.  G.  C.  Hughes,  A.M.I.C.E.    Crown  8vo,  cloth  .  2/6 
"The  book  is  well  fitted  for  those  who  are  preparing"  for  examination  and  wish  to  refresh 
their  knowledge  by  going  through  their  formulae  again."— Marine  E'ngineer. 

MECHANICS  OF  AIR  MACHINERY. 

By  Dr.  J.  Weiseach  and  Prof.  G.  Herrmann.  Authorized  Translation 
with  an  Appendix  on  American  Practice  by  A.  Trowbridge,  Ph.B.,  Professor 
of  Engineering,  Columbia  University.  Royal  8vo,  cloth.     .       .    Net  1  Q/O 

PRACTICAL  MECHANISM, 

And  Machine  Tools.  By  T.  Bakkr,  C.E.  With  Remarks  on  Tools  and 
Machinery  by  J.  Nasmyth,  C.E.    Crown  8vo,  cloth     ....  2/6 

MECHANICS. 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical  Science 
and  their  Applications.   By  C.  Tomlinson,  F.R.S.   Crown  8vo,'cloth  1/6 

FUELS:  SOLID,  LIQUID,  AND  GASEOUS. 

Their  Analysis  and  Valuation.  For  the  use  of  Chemists  and  Engineers.  By 
H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Chemist  to  the 
Great  Eastern  Railway.    Fourth  Edition.    Crown  8vo,  cloth     .       .  2/0 

"Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  where- 
ever  fuel  is  used  on  a  large  scale." — Che7nical  Neivs. 

FUEL,  ITS  COMBUSTION  AND  ECONOMY. 

Consisting  of  an  Abridgment  of  "  A  Treatise  on  the  Combustion  of  Coal 
and  the  Prevention  of  Smoke."  By  C.  W.  Williams,  A. Inst. C.E.  With 
extensive  Additions  by  D.  Kinnear  Clark,  M.Inst. C.E.      Fourth  Edition. 

Crown  Svo,  cloth  3/6 

*'  Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satisfactory 
treatises  on  the  combustion  and  economy  of  fuel  to  be  had." — Eni^incer. 

STEAM  AND  THE  STEAM  ENGINE, 

stationary  and  Portable.  Being  an  Extension  of  the  Treatise  on  the 
Steam  Engine  of  Mr.  J.  Sewell.    By  D.  K.  Clark,  C.E.    Fourth  Edition. 

Crown  Svo,  cloth  3/6 

"  Every  essential  part  of  the  subject  is  treated  of  competently,  and  in  a  popular  style." — Irmi. 

PUMPS  AND  PUMPING. 

A  Handbook  for  Pump  Users.  Being  Notes  on  Selection,  Construction,  ar.d 
Management.     By  M.  Pov/is  Bale,  M.Inst. C.E. ,  M.I.Mech.E,  Fourth 

Edition.    Crown  Svo,  cloth  3/6 

"  The  matter  is  set  forth  as  concisely  as  possible.    In  fact,  condensation  rather  than  diffuse- 

ness  has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to 

be  of  use." — journal  of  Gas  Lighting. 

REFRIGERATION,  COLD  STORAGE,  &  ICE-MAKING: 

A  Practical  Treatise  on  the  Art  and  Science  of  Refrigeration.     By  A.  J. 
Wallis-Tayler,  A.M.Inst.C.E.,  Author  of  "  Refrigerating  and  Ice-Making 
Machinery."  600  pp.,  with  360  Illustrations.  Medium  Svo,  cloth.  Net  1  6/0 
**  The  author  has  to  be  congratulated  on  the  completion  and  production  of  such  an  impor- 
tant work  and  it  cannot  fail  to  have  a  large  body  of  readers,  for  it  leaves  out  nothing  that  would  in 
any  way  be  of  value  to  those  interested  in  the  subject." — Stca^nship. 

"  No  one  whose  duty  it  is  to  handle  the  mammoth  preserving  installations  of  these  latter  days 
can  afford  to  be  without  this  valuable  book." — Glasgow  Herald. 

THE  POCKET  BOOK  OF  REFRIGERATION  AND  ICE- 

MAKING. 

By  A.  J.  Wallis-Tayler,  A.M.Inst.C.E.  Author  of  "  Refrigerating  and  Ice- 
making  Machinery,"  &c.  Third  Edition,  Enlarged.  Crown  Svo,  cloth  Net  3/6 

REFRIGERATING  &  ICE-MAKINQ  MACHINERY. 

A  Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating 
and  Ice-Making  Installations,  and  others.     By  A.  J.  Wallis-Tayler, 
A.M.Inst.C.E.    Third  Edition,  Enlarged.    Crown  Svo,  cloth       .      .  7/6 
"  We  recommend  the  book,  which  gives  the  cost  of  various  systems  and  illustrations  showing 
details  of  parts  of  machinery  and  general  arrangements  of  complete  installations."— £KjV<i«r. 

"  May  be  recommended  as  a  useful  description  of  the  machinery,  the  processes,  and  of  the 
facts,  figures,  and  tabulated  physics  of  refrigerating." — Engineer, 
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BLAST  FURNACE  CALCULATIONS  AND  TABLES  FOR 

FURNACE  MANAGERS  AND  ENGINEERS. 

Containing  Rules  and  Formulae  for  Finding  the  Dimensions  and  Output 
Capacity  of  any  Furnace,  as  well  as  the  regular  Outfit  of  Stoves,  Heating 
Surface,  Volume  of  Air,  Tuyere  Area,  &c.,  per  ton  of  Iron  per  day  of  24 
hours.    By  John  L.  Stevenson.    F'cap.  8vo.    \Jtist  Published.    Net  5IQ 

MOTOR  VEHICLES  FOR  BUSINESS  PURPOSES. 

A  Practical  Handbook  for  those  interested  in  the  Transport  of  Passengers 
and  Goods.  By  A.  J.  Wallis-Tayler,  A.M.Inst.C.E.  With  134  Illustra- 
tions.   Demy  8vo,  cloth.  [Jtist  Published.    Net  SIO 

MOTOR  CARS  FOR  COMMON  ROADS. 

By  A.  J.  Wallis-Tavler,  A.M.Inst.C.K.    212  pp.,  with  76  Illustrations. 

Crown  8vo,  cloth  4/6 

"  A  work  that  an  engineer  thinking  of  turning  his  attention  to  motor-carriage  work,  would 
do  well  to  read  as  a  preliminary  to  starting  operations." — Engineerifig, 

AERIAL  NAVIGATION. 

A  Practical  Handbook  on  the  Construction  of  Dirigible  Balloons,  Aerostats, 
Aeroplanes,  and  Aeromotors.  By  Frederick  Walker,  C.E.,  Associate 
Member  of  the  Aeronautic  Institute.  With  104  Illustrations.  Large  Crown 
8vo,  cloth  Net  7/6 

STONE-WORKINQ  MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  Arrangement  and  Management  of  Stone  Works.    By  M.  PowiS 
Bale,  M.Inst.C.E.    Crown  8vo,  cloth  ......  9/0 

"  Should  be  In  the  hands  of  every  mason  or  student  of  stonework."— CoWier)'  Guardian. 

FIRES,   FIRE-ENGINES,  AND  FIRE  BRIGADES. 

With  a  History  of  Fire-Engines,  their  Construction.  Use,  and  Management. 
Hints  on  Fire- Brigades,  &c.  By  C.  F.  T.  Young,  C.E.  8vo,  cloth,  £1  4s. 

CRANES, 

The  Construction  of,  and  other  Machinery  for  Raising  Heavy  Bodies  for  the 
Erection  of  Buildings,  &c.    By  J.  Glynn,  F.R.S.    Crovyn  8vo,  cloth  1/6 


CIVIL  ENGINEERING,  SURVEYING,  ETC. 


PIONEER  IRRIGATION. 

A  Manual  of  Information  for  Farmers  in  the  Colonies.  By  E.  O.  Mawson, 
M.Inst.C.E.,  Executive  Engineer,  Public  Works  Department,  Bombay.  With 
Chapters  on  Light  Railways  by  E.  R.  Calthrop,  M.Inst.C.E.,  M.I.M.E. 

With  Plates  and  Diagrams.    Demy  Svo,  cloth  A'e^  1  0/6 

Summary  of  Contents  :—Valuh  of  Irrigation,  and  Sources  of  Water 
Supply.— Dams  and  weirs.— Canals.— Underground  water.— Methods  of  Irri- 
G.\TioN.— Sewage  Irrigation.— Imperial  Automatic  Sluice  Gates.— The  Culti- 
vation of  Irrigated  Crops,  Vegetables,  and  Fruit  Trees.— Light  Railways 
for  Heavy  Traffic— Useful  Memoranda  and  Data. 

THE  RECLAMATION  OF  LAND  FROM  TIDAL  WATERS. 

A  Handbook  for  Engineers,  Landed  Proprietors,  and  others  interested  in  Works 
of  Reclamation.    By  A.  Beazeley,  M.Inst.C.E.     Svo,  cloth.    Net  10/6 
"  The  book  shows  in  a  concise  way  what  has  to  be  done  in  reclaiming  land  from  the  sea,  and 
the  best  way  of  doing  it.    The  work  contains  a  great  deal  of  practical  and  useful  information  which 
cannot  fail  to  be  of  service  to  engineers  entrusted  with  the  enclosure  of  salt  marshes,  and  to  land- 
owners intending  to  reclaim  land  from  the  sea. '— TAe  Engineer. 
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THE  WATER  5UPPLY  OF  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  Engineering. 
By  W.  K.  Burton,  A.M.Inst.C.E.,  Consulting  Engineer  to  the  Tokyo 
Water-works.  Second  Edition.  Revised  and  Extended.  With  numerous 
Plates  and  Illustrations.    Super-royal  8vo,  buckram  25/0 

I.  INTRODUCTORY.  —  II.  DIFFERENT  QUALITIES  OF  WATER.  —  III.  QUANTITY  OF 
WATER  TO  BE  PROVIDED.— IV.  ON  ASCERTAINING  WHETHER  A  PROPOSED  SOURCE  OF 
SUPPLY  IS  SUFFICIENT. —V.  ON  ESTIMATING  THE  STORAGE  CAPACITY  REQUIRED 
TO  BE  PROVIDED.— VI.  CLASSIFICATION  OF  WATER-WORKS.— VII.  IMPOUNDING  RESER- 
VOIRS.—VIII.  Earthwork  Dams.— IX.  Masonry  Dams.— X.  The  Purification  of 
Water.— XI.  Settling  Reservoirs.— XII.  Sand  Filtration.— xiii.  Purification 
OF  Water  by  action  of  Iron,  Softening  of  Water  by  action  of  Lime,  Natural 
Filtration.— XIV.  Service  or  Clean  Water  Reservoirs— water  Towers— Stand 
Pipes.— XV.  The  Connection  of  Settling  Reservoirs,  Filter  Beds  and  Service 
Reservoirs.— XVI.  pumping  Machinery.— XVII.  Flow  of  water  in  Conduits- 
Pipes  and  Open  channels.— XVIII.  Distribution  systems.— XIX.  Special  Pro- 
visions for  the  Extinction  of  Fire.— XX.  Pipes  for  Water-works.— XXI.  Pre- 
vention of  Waste  of  Water.— XXII.  Various  appliances  used  in  connection 
WITH  Water-works. 

appendix  I.  By  Prof.  JOHN  MILNE,  F.R.S.— Considerations  concerning  the 
Probable  Effects  of  Earthquakes  on  water-works,  and  the  Specia.l  Pre- 
cautions TO  BE  taken  in  EARTHQUAKE  COUNTRIES. 

Appendix  II.  By  JOHN  DE  RIJKE,  C.E.— ON  SAND  DUNES  AND  Dune  Sand  as 
A  SOURCE  OF  Water  Supply. 

"  The  chapter  upon  filtration  of  water  Is  very  complete,  and  the  details  of  construction  well 
illustrated.  .  .  .  The  worlc  should  be  specially  valuable  to  civil  engineers  engaged  in  work  In 
Japan,  but  the  interest  is  by  no  means  confined  to  that  locality." — Engineer, 

"  We  congratulate  the  author  upon  the  practical  commonsense  shown  in  the  preparation  of 
this  worlc.  .  .  .  The  plates  and  diagrams  have  evidently  been  prepared  with  great  care,  and 
cannot  fail  to  be  of  great  assistance  to  the  student." — Builder, 

THE  WATER  SUPPLY  OF  CITIE5  AND  TOWNS. 

By  William  Humber,  A.M.Inst.C.E.,  and  M.Inst. M.E.,  Author  of  "Cast 
and  Wrought  Iron  Bridge  Construction,"  &c.,  &c.  Illustrated  with  50  Double 
Plates,  I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Woodcuts, 
and  containing  400  pp.  of  Text.     Imp.  4to,  elegantly  and  substantially 

half-bound  in  morocco  Net  £6  6s. 

List  of  Contents:— I.  Historical  Sketch  of  some  of  the  means  that  have 

BEEN  adopted  FOR  THE  SUPPLY  OF  WATER  TO  CITIES  AND  TOWNS.— II.  WATER  AND 
THE  FOREIGN  MATTER  USUALLY  ASSOCIATED  WITH  IT.— III.  RAINFALL  AND  EVAPORA- 
TION.—IV.  SPRINGS  AND  THE  WATER-BEARING  FORMATIONS  OF  VARIOUS  DISTRICTS. 
—V.  MEASUREMENT  AND  ESTIMATION  OF  THE  FLOW  OF  WATER.— VI.  ON  THE  SELECTION 
OF  THE  SOURCE  OP  SUPPLY.— VII.  WELLS.— VIII.  RESERVOIRS.— IX.  THE  PURIFICATION 

OF  Water.— X.  Pumps.— XI.  Pumping  Machinery.— XII.  Conduits.— XIII.  Distribu- 
tion OF  Water.— XIV.  Meters,  Service  Pipes,  and  House  Fittings.— XV.  The  Law 
AND  Economy  of  water-works.— XVI.  Constant  .^nd  Intermittent  Supply.— 
XVII.  Description  op  plates.— Appendices,  giving  Tables  of  Rates  of  supply, 
Velocities,  &c.,  &c.,  together  with  Specifications  of  several  Works  illus- 
trated,   AMONG    which  WILL  BE  FOUND  :    ABERDEEN,    BiDEFORD,  CANTERBURY, 

Dundee,  Halifax,  Lambeth,  Rotherham,  Dublin,  and  others. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  In  English,  or 
in  any  other  language.  Mr.  Humber's  work  is  characterised  almost  throughout  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 
—Bnsineer. 


RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  small  Country  Districts.    By  Allan  Greenwell,  A.M.Inst.C.E., 
and  W.  T.  Curry,  A.M.Inst.C.E.,  F.G.S.  With  Illustrations.  Second  Edition, 
Revised.    Crown  8vo,  cloth     i      .......       .  5/0 

"  We  conscientiously  recommend  It  as  a  very  useful  book  for  those  concerned  in  obtaining 
water  for  small  districts,  giving  a  great  deal  of  practical  information  in  a  small  compass." — Builder. 

**  The  volume  contains  valuable  information  upon  all  matters  connected  with  water  supply. 
.    .    .    It  is  full  of  details  on  points  which  are  continually  before  water-works  englneers."-..^a^r<. 


WATER  ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Purposes. 
By  Charles  Slagg,  A.  M.  Inst.  C.  E.  Second  Edition.  Crown  8  vo,  cloth  .    7 /6 
"  As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of  water 
power,  the  work  Is  In  many  respects  &ic&Sl&M."— Engineering. 


CIVIL  ENGINEERING.  SURVEYING.  (S-c.  13 


WATER  W0RK5,  FOR  THE  SUPPLY  OF  CITIES  AND 

TOWNS. 

With  a  Description  of  the  Principal  Geological  Formations  of  England  as 
influencing  Supplies  of  Water.  By  Samuel  Hughes.  Crown  8vo,  cloth  4/0 
"  Everyone  who  is  debating  how  his  village,  town,  or  city  shall  be  plentifully  supplied  with 
purs  water  should  read  this  book."— A'ewcasUe  Couranl. 

POWER  OF  WATER. 

As  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbines,  and  other 
Hydrostatic  Engines.  By  Joseph  Glynn,  F.R.S.,  &c.  New  Edition. 
Illustrated.    Crown  8vo,  cloth  2/0 

WELLS  AND  WELL=SINKINQ. 

By  J.  G.  Swindell,  A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.  Revised 

Edition.    Crown  8vo,  cloth  2/0 

"  Solid  practical  information,  written  in  a  concise  and  lucid  style.  The  work  can  be  recom- 
mended as  a  text-book  for  all  surveyors,  architects,  SiC."—Iro)i  and  Coal  Trades  Review. 

HYDRAULIC  POWER  ENQINEERINQ. 

A  Practical  Manual  on  the  Concentration  and  Transmission  of  Power  by 
Hydraulic  Machinery.  By  G.  Croydon  Marks,  A.M. Inst. C.E.  Second 
Edition,  Enlarged,  with  about  240  Illustrations.    8vo,  cloth. 

{Just  Published.    Net  1  0/6 

SUMMARY  OF  CONTENTS  :— PRINCIPLES  OF  HYDRAULICS.— THE  FLOW  OF  WATER.— 
HYDRAULIC  PRESSURES.— MATERIAL.— TEST  LOAD.— PACKINGS  FOR  SLIDING  SURFACES. 
—PIPE  JOINTS.— CONTROLLING  VALVES.— PLATFORM  LIFTS.— WORKSHOP  AND  FOUNDRY 

Cranes  —Warehouse  and  Dock  ckanes.— Hydraulic  accumulators.— Presses 
FOR  Baling  and  otherPurposes.— Sheet  Mktal  working  and  forging  Machinery, 
—hydraulic  Riveters.— Hand  and  Power  pumps.— steam  pumps.— Turbines.— 
Impulse  turbines  —Reaction  Turbines.— Design  of  turbines  in  Detail.— water 
Wheels.— Hydraulic  engines.— Recent  achievements.— pressure  of  Water.— 
Action  of  pumps,  &c.  ,   , .       ,  , 

"We  have  nothing  but  praise  for  this  thoroughly  valuable  work.  The  author  has  succeeded 
In  rendering  his  subject  interesting  as  well  as  instructive."— Pratrtca/  Engineer. 

"Can  be  unhesitatingly  recommended  as  a  useful  and  up-to-date  manual  on  hydraulic  trans- 
mission and  utilisation  of  povier."— Mechanical  tVorld. 

HYDRAULIC  MANUAL. 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  in 
Hydraulic  Calculations  and  Field  Operations.  By  Lowis  D'A.  Jackson, 
Author  of  "Aid  to  Survey  Practice,"  "Modern  Metrology,"  &c.  Fourth 

Edition,  Enlarged.    Large  crown  8vo,  cloth  16/0 

"The  author  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide 
to  this  branch  of  the  engineer's  profession."— £«r»'««"«i^' 

HYDRAULIC  TABLE5,  C0-EFFICIENT5,  &  FORMULAE. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Rain-fall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  C.E.,  M.R.I.A.  Third  Edition,  revised,  with 
additions.  Numerous  Illustrations.  Crown  8vo,  cloth  ...  1 4/0 
"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness."— ArchiUct. 

MASONRY  DAMS  FROM  INCEPTION  TO  COMPLETION. 

Including  numerous  Formulse,  Forms  of  Specification  and  Tender,  Pocket 
Diagram  of  Forces,  &c.    For  the  use  of  Civil  and  Mining  Engineers.  By 

C.  F.  Courtney,  M.Inst. C.E.    8vo,  cloth  ,9/0 

"  Contains  a  good  deal  of  valuable  data.  Many  useful  suggestions  will  be  found  in  the 
remarks  on  site  and  position,  location  of  dam,  foundations  and  cowstrnctioa.."— Building  News, 

RIVER  BARS. 

The  Causes  of  their  Formation,  and  their  Treatment  by  "  Induced  Tidal 
Scour  " ;  with  a  Description  of  the  Successful  Reduction  by  this  Method  of 
the  Bar  at  Dublin.    By  I.  J.  Mann,  Assist.  Eng.  to  the  Dublin  Port  and  Docks 

Board.    Royal  8vo,  cloth  7/6 

"  We  recommend  all  Interested  in  harbour  works— and,  indeed,  those  concerned  in  the 
improvements  of  rivers  generally— to  read  Mr.  Mann's  interesting  ■■Kotk."— Engineer. 

DRAINAGE  OF  LANDS,  TOWNS  AND  BUILDINGS. 

By  G.  D.  Dempsey,  C.E.  Revised,  with  large  Additions  Recent  Practice 
in  Drainage  Engineering  by  D.  Kinnear  Clark,  M. Inst. C.E.  Fourth 
Edition.    Crown  8vo,  cloth  4/6 
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SURVEYING  AS  PRACTISED  BY  CIVIL  ENGINEERS 

AND  SURVEYORS. 

Including  the  Setting-out  of  Works  for  Construction  and  Surveys  Abroad,  with 
many  Examples  taken  from  Actual  Practice.  A  Handbook  for  use  in  the  Field 
and  the  OJEce,  intended  also  as  a  Text-book  for  Students.  By  John  White- 
law,  Jun.,  A.M.  Inst. C.E.,  Author  of  "  Points  and  Crossings."     With  about 

260  Illustrations.    Demy  8vo,  cloth  Net  IO/6 

"  This  work  is  written  with  admirable  lucidity,  and  will  certainly  be  found  of  distinct  value 
both  to  students  and  to  those  engaged  in  actual  practice." — The  Buiirur. 

PRACTICAL  SURVEYING. 

-A.  Text-Book  for  Students  preparing  for  Examinations  or  for  Survey-work  in 
the  Colonies.  By  George  W.  Usill,  A.M. Inst. C.E.  Eighth  Edition, 
thoroughly  Revised  and  Enlarged,  by  Alex.  Beazeley,  M.Inst. C.E. 
With  4  Lithographic  Plates  and  360  Illustrations.  Large  crown  8vo,  7/6 
cloth ;  or,  on  Thin  Paper,  leather,  gilt  edges,  rounded  corners,  for  pocket  use. 

12/6 

"  The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes 
of  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author  in 
hls-experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student 
In  his  mexperience  will  find  most  serviceable." — Engineer. 

"The  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil  Englneerirg."— 
Architect. 

SURVEYING  WITH  THE  TACHEOMETER. 

A  practical  Manual  for  the  use  of  Civil  and  Military  Engineers  and  Surveyors, 
including  two  series  of  Tables  specially  computed  for  the  Reduction  of 
Readings  in  Sexagesimal  and  in  Centesimal  Degrees.  By  Neil  Kennedy, 
M.Inst.C.E.  With  Diagrams  and  Plates.    Second  Edition.    Demy  8vo,  cloth. 

Net  10/6 

"  The  work  is  very  clearly  written,  and  should  remove  all  difficulties  in  the  way  ofany  surveyor 
desirous  of  making  use  of  this  useful  and  rapid  instrument."— A'aiKre. 

LAND  AND  ENGINEERING  SURVEYING. 

For  Students  and  Practical  Use.  By  T.  Baker,  C.E.  Twentieth  Edition, 
by  F.  E.  Dixon,  A. M.Inst. C.E.  With  Plates  and  Diagrams.  Crown  8vo, 
cloth  2/0 

AID  TO  SURVEY  PRACTICE. 

For  Reference  in  Surveying,  Levelling,  and  Setting-out ;  and  in  Route  Sur- 
veys of  Travellers  by  Land  and  Sea.  With  Tables,  Illustrations,  and  Records. 
By  L.  D'A.  Jackson,  A.M.Inst.C.E.  Second  Edition.  8vo,  cloth  .  12/6 
"  Mr.  Jackson  has  produced  a  veiluable  vade-mecum  for  the  surveyor.    We  can  recommend 

this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor. '— 

Athenaiim. 

,  "  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  which, 
aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  oats."— Builder. 

LAND  AND  MARINE  SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railways  ;  Canals, 
Rivers,  Towns'  Water  Supplies;  Docks  and  Harbours.  With  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E.  Second 
Edition,  Revised  with  Additions.  Large  crown  8vo,  cloth  .  .  .  9/0 
"  This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  In  recom- 
mending it.  feeling  assured  that  it  will  more  than  repay  a  careful  %l\jLAy."— Mechanical  World. 

"  A  most  useful  book  for  the  student.  We  can  strongly  recommend  it  as  a  carefully-written 
and  valuable  text-book.    It  enjoys  a  v/ell-deserved  repute  among  surveyozs."— Builder. 

ENGINEER'S  &  MINING  SURVEYOR'S  FIELD  BOOK. 

Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of  Systems,  and 
use  of  Theodolite  for  Traverse  Surveying  and  plotting  the  work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Square  only  ;  Levelling  with  the 
Theodolite,  Setting-out  Curves  with  and  without  the  Theodolite,  Earthwork 
Tables,  &c.    By  W.  Davis  Haskoll,  C.E.    With  numerous  Woodcuts. 

Fifth  Edition,  Enlarged.    Crown  8vo,  cloth  1  2/0 

"  The  book  is  very  handy ;  the  separate  tables  of  sines  and  tangents  to  every  minute  wlU  make 
It  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same."—Athenaum. 
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AN    OUTLINE  OF  THE   METHOD  OF  CONDUCTING 

A  TRIQONOMETRICAL  5URVEY. 

For  the  Formation  of  Geographical  and  Topographical  Maps  and  Plans,  Mili- 
tary Reconnaissance,  LEVELLING,  &c.,  with  Useful  Problems,  Formulae, 
and  Tables.    By  Lieut. -General  Frome,  R.E.    Fourth  Edition,  Revised  and 
partly  Re-written  by  Major-General  Sir  Charles  Warren,  G.C.M.G.,  R.E. 
With  19  Plates  and  115  Woodcuts,  royal  8vo,  cloth      .       .       .       .  16/0 
"  No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained 
by  this  work.    Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were 
necessary  to  bring  every  portion  of  the  contents  up  to  the  present  dsXe."— Broad  Arrow. 

PRINCIPLES  AND  PRACTICE  OF  LEVELLING. 

Showing  its  Application  to  Purposes  of  Railway  and  Civil  Engineering  in 
the  Construction  of  Roads  ;  with  Mr.  Telford's  Rules  for  the  same.  By 
Frederick  W.  Simms,  M.Inst.C.E.  Eighth  Edition,  v/ith  Law's  Practical 
Examples  for  Setting-out  Railway  Curves,  and  Trautwine's  Field  Practice 
of  Lavine-out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts, 
8vo   8/6 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges."— £K^>!e«r. 

"The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the 
youriger  members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  •wotls.." —Engineering . 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES. 

For  Setting-out  Curves  from  5  to  200  Radius.  By  A.  Beazeley,  M.Inst.C.E. 
7t£i  Edition,  Revised.  With  an  Appendix  on  the  use  of  the  Tables  for 
Measurmg  up  Curves.  Printed  on  50  Cards,  and  sold  in  a  cloth  box,  waistcoat- 
pocket  size .      .      I      .      ■   3/a 

"  Each  table  is  printed  on  a  small  card,  which,  placed  on  the  theodolite,  leaves  the  hands  free 
to  manipulate  the  instrument— no  smaU  advantage  as  regards  the  rapidity  of  work."— ^Kf-^ineer. 

"  Very  handy  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  which 
he  puts  into  hLs  own  card-case,  and  leaves  the  rest  \xiiiiiA.  "—Athenaum, 

PIONEER  ENGINEERING. 

A  treatise  on  the  Engineering  Operations  connected  with  the  Settlement  of 
Waste  Lands  in  New  Countries.     By  E.  Dobson,  M.Inst.C.E.  Second 

Edition.    Crown  8vo,  cloth  4/6 

"  Mr.  Dobson  is  familiar  witli  the  difficulties  which  have  to  be  overcome  in  this  class  of  work, 
and  much  of  his  advice  will  be  valuable  to  young  engineers  proceeding  to  our  colonies."— 

TUNNELLING. 

A  Practical  Treatise.  By  Charles  Prelini,  C.E.  With  additions  by 
Charles  S.  Hill,  C.E.  With  150  Diagrams  and  Illustrations.  Royal  8vo, 
cloth  •'VeM  6/0 

PRACTICAL  TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft-sinking,  and  Heading-driving, 
Ranging  the  Lines  and  Levelling  underground,  Sub-Excavating,  Timbering 
and  the  Construction  of  the  Brickwork  of  Tunnels.     By  F._  W.  Simms, 
M.Inst.C.E.     Fourth  Edition,  Revised  and  Further  Extended,  including  the 
most  recent  (1895)  Examples  of  Sub-aqueous  and  other  Tunnels,  by  D.  Kinnear 
Clark,  M.Inst.C.E.    With  34  Folding  Pl.-ites.   Imperial  8vo,  cloth  £2  2s. 
•'  The  present  (1896)  edition  has  been  brought  right  up  to  date,  and  is  a  work  to  which  civil 
engineers  should  have  ready  access,  and  engineers  wlio  have  construction  work  can  hardly  afford 
to  be  without,  but  which  to  the  younger  meniDers  of  the  profession  is  invaluable,  as  from  its  pages 
they  can  learn  the  state  to  whicli  the  science  of  tunnelling  has  aXtam^A." —Railway  News. 

EARTH  AND  ROCK  EXCAVATION. 

A  Practical  Treatise,  by  Charles  Prelini,  C.E.  365  pp.,  with  Tables, 
manv  Diagrams  and  Engravings.    Royal  Svo,  cloth. 

^  [Just  Published.    Net  1  6/0 

CONSTRUCTION  OF  ROADS  AND  STREETS. 

By  H.  Law,  C.E.,  and  D.  K.  Clark,  C.E.  Sixth  Edition,  revised,  with 
Additional  Chapters  by  A.  J.  Wallis-Tayler,  A. M.Inst. C.E.    Crown  Svo, 

cloth  ■      ;  6/0 

"  A  book  which  every  borough  surveyor  and  engineer  must  possess,  and  which  will  be  of 
considerable  service  to  architects,  builders,  and  property  owners  ge-ne-aWy."— Building  News. 


i6        CROSBY  LOCK  WOOD  S-  SON'S  CATALOGUE. 


TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System  ;  with  an  exhaustive 
Analysis  of  the  Various  Modes  of  Traction,  including  Horse  Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c.  ;  a  Description  of  the  Varieties  of 
Rolling  Stock ;  and  ample  Details  of  Cost  and  Working  Expenses.  New 
Edition,  Thoroughly  Revised,  and  Including  the  Progress  recently  made  in 
Tramway  Construction,  &c.,  &c.     By  D.  Kinnear  Clark,  M.Inst.C.E. 

With  400  Illustrations.    8vo,  780  pp.,  buckram  28/0 

*'  The  new  volume  is  one  which  will  ranlc,  among  tramway  engineers  and  those  interested  in 
tramway  working,  with  the  Author's  world-famed  book  on  railway  machinery." — T/ie  Engineer. 


HANDY  GENERAL  EARTH-WORK  TABLES. 

Giving  the  Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  and 
Embankments  from  3  inches  to  80  feet  in  Depth  or  Height,  for  use  with  either 
66  feet  Chain  or  100  feet  Chain.  By  J.  H.  Watson  Buck,  M.Inst.C.E. 
On  a  Sheet  mounted  in  cloth  case  3/6 


EARTHWORK  TABLES. 

Showing  the  Contents  in  Cubic  Yards  of  Embankments,  Cuttings,  &c.,  of 
Heights  or  Depths  up  to  an  average  of  80  feet.    By  Joseph  Broadbent,  C.E., 

and  Francis  Campin,  C.E.    Crown  8vo,  cloth  6/0 

"  The  way  In  which  accuracy  is  attained,  by  a  simple  division  of  each  cross  fection  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  Ingenious." — Athenaum. 

A  MANUAL  ON  EARTHWORK. 

By  Alex.  J.  Graham,  C.E.  With  numerous  Diagrams.  Second  Edition. 
i8mo,  cloth  2/6 


THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 

A  Practical  and  Theoretical  Essay.     By  J.  H.  Watson  Buck,  M.Inst.C.E., 
Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  8vo,  cloth  1  2/0 
"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  observa- 
tions on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates, 
will  be  found  of  considerable  use.    We  commend  the  book  to  the  engineering  profession."— 
Building  News. 

"  Will  be  regarded  by  ci-rfl  engineers  as  of  the  utmost  value  and  calculated  to  save  much 
time  and  obviate  many  mistakes." — Colliery  Guardian. 


ESSAY  ON  OBLIQUE  BRIDGES 

(Practical  and  Theoretical).  With  13  large  Plates.  By  the  late  George 
Watson  Buck,  M.Inst.C.E.  Fourth  Edition,  revised  by  his  Son,  J.  H. 
Watson  Buck,  M.Inst.C.E.  ;  and  with  the  addition  of  Description  to 
Diagrams  for  Facilitating  the  Construction  of  Oblique  Bridges,  by  W.  H. 

Barlow,  M.Inst.C.E.  Royal  8vo,  cloth  1  2/0 

"  The  standard  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise, 
and  it  would  be  impossible  to  consult  a  better." — Engineer. 

"  Mr.  Buck's  treatise  is  recognised  as  a  stanclard  text-book,  and  his  treatment  has  divested 
the  subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and 
architect,  on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  UDSutpasssd."— Building  Nevis. 

CAST  &  WROUGHT  IRON    BRIDGE  CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations.  In 
Three  Parts. — Theoretical,  Practical,  and  Descriptive.  By  William  Humbkr, 
A.M.Inst.C.E.,  and  M.Inst.M.E.  Third  Edition,  revised  and  much  im- 
proved, with  115  Double  Plates  (20  of  which  now  first  appear  in  this  edition, 
and  numerous  Additions  to  the  Text.    In  2  vols.,  imp.  410,  half-bound  in 

morocco  £6  168.  60. 

"  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans,  and  sections,  large  scale  details  are  given,  which  very  much  enhance  the 
instructive  worth  of  those  illustrations." — Civil  Engineer  and  Arihitecfs  yournal. 

"Mr.  Humber's  stately  volumes,  lately  issued — in  which  the  most  important  bridg"*s 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  Vi.  Cubrtt, 
Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler  Mr.  Hemans,  and  others  among  our  most  eminent 
engineers,  are  drawn  and  specified  in  great  detail." — Enginner. 


CIVIL  ENGINEERING,  SURVEYING.  Sc. 


IRON  BRIDGES  OF  MODERATE  SPAN: 

Their  Construction  and  Erection.  By  H.  W,  Pendred,  With  40  illustra- 
tions.   Crown  8vo,  cloth  2/0 

"  Student;,  and  engineers  should  obtain  tliis  book  for  constant  and  practical  use."— CcUiety 
Guariiiatt. 

IRON  AND  STEEL  BRIDGES  AND  VIADUCTS. 

A  Practical  Treatise  upon  their  Construction.  For  the  use  of  Engineers, 
Draughtsmen,  and  Students.  By  Francis  Campin,  C.E.  Crown  8vo, 
cloth  3/6 

TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES, 

Describing  the  Britannia  and  Conway  Tubular  Bridges.  With  a  Sketch  of 
Iron  Bridges,  &o.     By  G.  D.  Dempsey,  C.E.    Crown  8vo,  cloth      .  2/0 

GRAPHIC  AND  ANALYTIC  STATICS. 

Ill  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofs,  Solid 
Girders,  Lattice,  Bowstring,  and  Suspension  Bridges,  Braced  Iron  Arches  and 
Piers,  and  other  Frameworks.  By  R.  Hudson  Graham,  C.E.  Containing 
Diagrams  and  Plates  to  Scale.  With  numerous  Examples,  many  taken  from 
existing  Structures.  Specially  arranged  for  Class-work  in  Colleges  and 
Universities.  Second  Edition,  Revised  and  Enlarged.  8vo,  cloth  .  1 6/0 
"  Mr.  Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or 
studied. " — Eng  inter. 

"  The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepared 
with  much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  t  f 
well-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman.  "  —  W^/f«ni7wm 

WEIGHTS  OF  WROUGHT  IRON  &  STEEL  GIRDERS. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of  Wrought 
Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  other  Estimates.  By 
J.  H.  Watson  Buck,  M.Inst.C.E.   On  a  Sheet  2/6 

GEOMETRY  FOR  TECHNICAL  STUDENTS. 

An  Introduction  to  Pure  and  Applied  Geometry  and  the  Mensuration  of 
Surfaces  and  Solids,  including  Problems  in  Plane  Geometry  useful  in  Drawing. 
By  E.  H.  Sprague,  A.M.Inst.C.E.    Crown  8  vo,  cloth.  .      .      .  Net\lO 

PRACTICAL  GEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic.  Giving  Rules  for  the  Delineation 
and  Application  of  various  Geometrical  Lines,  Figures,  and  Curves.  By 

E.  W.  Tarn,  M.A.,  Architect.    Svo,  cloth  9/0 

*'  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the  clearness  of 
the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory." — Scotsman. 

THE  GEOMETRY  OF  COMPASSES. 

Or,  Problems  Resolved  by  the  mere  Description  of  Circles  and  the  Use  of 
Coloured  Diagrams  and  Symbols.    By  Oliver  Byrne.    Coloured  Plates. 


Crown  Svo,  cloth  3/6 

MENSURATION  AND  MEASURING. 

With  the  Mensuration  and  Levelling  of  Land  for  the  purposes  of  Modern 
Engineering.  By  T.  Baker,  C.E.  New  Edition  by  E.  Nugent,  E.C. 
Crown  Svo,  cloth   .1/6 


HANDY  BOOK  FOR  THE  CALCULATION  OP  STRAINS 

In  Girders  and  Similar  Structures  and  their  Strength.  Consisting  of  Formulae 
and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Applica- 
tion, &c.  By  William  Humber,  A.  M.Inst.C.E.,  &c.  Sixth  Edition. 
Crown  Svo,  with  nearly  100  Woodcuts  and  3  Plates,  cloth     .      .       .  7/6 

"The  formulae  are  neatly  expressed,  and  the  diagrams  good." — Alkenaum. 

*'  We  heartily  coramena  this  really  handy  book  to  our  engineer  and  architect  readers."— 
English  Mechanic. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK. 


With  Practical  ^Remarks  on  Iron  Construction.  By  F.  W.  Shkiles, 
M.Inst.C.E.    Svo,  cloth  5/0 
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CONSTRUCTIONAL  IRON  AND  STEEL  WORK, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.     By  Francis 

Campin,  C.E.    Crown  8vo,  cloth  3/6 

"  This  practical  book  may  be  counted  a  most  valuable  work." — British  Architect, 

MATERIALS  AND  CONSTRUCTION. 

A  Theoretical  and  Practical  Treatise  on  the  Strains,  Designing,  and  Erection 
of  Works  of  Construction.    By  F.  Campin.    Cloth      ....  3/0 

EXPERIMENTS  ON  THE  FLEXURE  OF  BEAMS. 

Resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling.  By  Albert 
E.  Guv.    Medium  8vo,  cloth  iVe/  9/0 

TRUSSES  OF  WOOD  AND  IRON. 

Practical  Applications  of  Science  in  Determining  the  Stresses,  Breaking 
Weights,  Safe  Loads,  Scantlings,  and  Details  of  Construction.  With  Complete 
Working  Drawings.    By  W.  Griffiths,  Surveyor.    Oblong  8vo,  cloth  4/6 

"This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  con- 
struction of  roof  trusses  that  no  student  need  be  ignorant  of  these  m-axx^ts." —Practical  Eng'ineer. 

CONSTRUCTION  OF  ROOFS,  OF  WOOD  AND  IRON: 

Deduced  chiefly  from  the  Works  of  Robison,  Tredgold,  and  Humber.  By 
E.  W.  Tarn,  M.A.,  Architect.    Fourth  Edition.    Crown  8vo,  cloth  .    1  /6 
"  Mr.  Tarn  is  so  thoroughly  master  of  his  subject,  that  although  the  treatise  was  founded  on 
the  works  of  otliers  he  has  given  it  a  distinct  value  of  his  own." — Builder. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS. 

By  p.  Barlow,  F.R.S.,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S. 


EditedbyWM.  Humber,  A.M.Inst.C.E.    8vo,  cloth  .       .      .       .  18/0 
"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  always  rank 
in  future  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject."— £«£«ne«r. 

EXPANSION  OF  STRUCTURES  BY  HEAT. 

By  John  Keily,  C.E.    Crown  8vo,  cloth  3/6 


"  The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or 
ar:httect  can  find  but  little  reliable  and  comprehensive  data  in  \X)0)l%." — Builder. 

CIVIL  ENGINEERING. 

By  Henry  Law,  M.Inst. C.E.  Including  a  Treatise  on  Hydraulic  Engi- 
neering by  G.  R.  Burnell,  M.Inst. C.E.  Seventh  Edition,  revised,  v^-ith 
Large  Additions  on  Recent  Practice  by  D.  Kinnear  Clark,  M.Inst. C.E. 

Crown  8vo,  cloth  6/6 

"An  admirable  volume,  which  we  wannly  recommend  to  young  engineers." — Bitildcr. 

THE  PROGRESS  OF  ENGINEERING  (1863=6). 

By  Wm.  Humber,  A. M  Inst. C.E.  Complete  in  Four  Vols.  Containing  148 
Double  Plates,  with  Portraits  and  Copious  Descriptive  Letterpress.  Impl.  410, 
half-morocco.  Price,  complete,  £1  2  1  2s.  \  or  each  Volume  sold  separately 
at  £3  3s.  per  Volume.    Descriptive  List  of  Contents  on  application. 

GAS  WORKS, 

Their  Construction  and  Arrangement,  and  the  Manufacture  and  Distribution 
of  Coal  Gas.  By  S.  Hughes,  C.E.  Ninth  Edition.  Revised,  with 
Notices  of  Recen:  Improvements  by  Henry  O'Connor,  A.M.Inst.C.E. 
Crown  8vo,  cloth  6/- 

PNEUMATICS, 

Including  Acoustics  and  the  Phenomena  of  Wind  Currents,  for  the  use  of 
Beginners.    By  Charles  Tomlinson,  F.R.S.    Crown  8vo,  cloth    .    1  /6 

FOUNDATIONS  AND  CONCRETE  WORKS. 

With  Practical  Remarks  on  Footings,  Planking,  Sand,  Concrete,  B6ton, 
Pile-driving  Caissons,  and  Cofferdams.    By  E.  DoBSON.^Crown  8vo.  1/6 


CIVIL  ENGINEERING,  SURVEYING,  *c.  19 


BLASTING  AND  QUARRYING  OF  STONE, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of 
Bridges.    By  Gen.  Sir  J.  Burgoyne,  K.C.B.    Crown  8vo,  cloth  .       .  1/6 

SAFE  RAILWAY  WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention ;  with  a  De- 
scription of  Modern  Appliances  and  Systems.  By  Clement  E.  Stretton, 
C.E.    Third  Edition,  Enlarged.    Crown  8vo,  cloth      ....  3/6 


ENGINEERING  STANDARDS  COM- 
MITTEE'S  PUBLICATIONS. 


The  Engineering  Standards  Committee  is  the  outcome  of  a 
Committee  appointed  by  the  Institution  of  Civil  Engineers  at  the  instance 
of  Sir  John  Wolfe  Barry,  K.C.B.,  to  inquire  into  the  advisability  of 
Standardising  Rolled  Iron  and  Steel  Sections. 

The  Committee  is  supported  by  the  Institution  of  Civil  Engineers,  the 
Institution  of  Mechanical  Engineers,  the  Institution  of  Naval  Architects, 
the  Iron  and  Steel  Institute,  and  the  Institution  of  Electrical  Engineers  ; 
and  the  value  and  importance  of  its  labours  has  been  emphatically 
recognised  by  His  Majesty's  Government,  who  have  made  a  liberal  grant 
from  the  Public  Funds  by  way  of  contribution  to  the  financial  resources  of 
the  Committee. 

Reports  already  Published  : — 

1.  BRITISH  STANDARD  SECTIONS  (9  lists). 

Angles,  Equal  and  Unequal. — Bulb  Angles,  Tees  and  Plates.— 
Z  and  T  Bars.— Channels.— Beams.  JVei  1/0 

2.  TRAMWAY  RAILS  AND  FISH=PLATES.         ^et  21/0 

3.  REPORT  ON  THE  INFLUENCE  OF  GAUGE  LENGTH. 

By  Professor  W.  C.  Unwin,  F.R.S.  2/6 

4.  PROPERTIES  OF  STANDARD  BEAMS. 

{Included  in  No.  6.)  Net  1  /O 

5.  STANDARD    LOCOMOTIVES    FOR    INDIAN  RAIL= 

WAYS.  ^''^i  1  0/6 

6.  PROPERTIES  OF  BRITISH  STANDARD  SECTIONS. 

Diagrams,  Definitions,  Tables,  and  Formulae.  Net  S/0 

7.  TABLES  OF  COPPER  CONDUCTORS  AND  THICK= 

NESSBS  OF  DUELECTRIC.  Net  2/6 

8.  TUBULAR  TRAMWAY  POLES.  Net  5/O 

9.  BULL-HEADED  RAILWAY  RAILS.  1C/6 
10  TABLES  OF  PIPE  FLANGES.  Net  2/6 

11.  FLAT=BOTTOMED  RAILWAY  RAILS.  Net  10/6 

12.  SPECIFICATION  FOR  PORTLAND  CEMENT.  Net  2/6 

13.  STRUCTURAL  STEEL  FOR  SHIPBUILDING.  Net  2IS 

14.  STRUCTURALSTEEL  FOR  MARINE  BOILERS.  Net2IG 

15.  STRUCTURAL     STEEL      FOR      BRIDGES  AND 

GENERAL   BUILDING  CONSTRUCTION  .      .       .      Net  2/6 

16.  SPECIFICATIONS  AND  TABLES  FOR  TELEGRAPH 

MATERIALS.  JVei!  1  0/6 
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Engineering  Standards  Committee's  'Rkvo-rts— continued. 
17  INTERIM  REPORT  ON  ELECTRICAL  MACHINERY. 

Net  2/6 

19  REPORT  ON  TEMPERATURE  EXPERIMENTS  ON 

FIELD  COILS  OF  ELECTRICAL  MACHINES.  Net  S/Q 

20.  BRITISH  STANDARD  SCREW  THREADS.      Net  2/6 

21.  BRITISH  STANDARD  PIPE  THREADS.  Net  2/6 

22.  REPORT    ON    EFFECT   OF   TEMPERATURE  ON 

INSULATING    MATERIALS.  Net  6/0 

23.  TROLLEY  GROOVE  AND  WIRE.  1/0 

24.  MATERIAL    USED    IN  THE  CONSTRUCTION  OF 

RAILWAY  ROLLING  STOCK.  'iO/G  Net. 

25.  ERRORS  IN  WORKMANSHIP.    Based  on  Measurements 

carried  out  by  the  National  Physical  Laboratory.      *  Net  1  0/6 

27.  STANDARD     SYSTEMS     FOR    LIMIT  GAUGES. 

(Running  Fits)  Net  2/6 

28  NUTS,  BOLT-HEADS,  AND  SPANNERS.  Net  2/6 
31  STEEL   CONDUITS    FOR    ELECTRICAL  WIRING. 

  Net  2/6 

MARINE  ENGINEERING,  SHIPBUILDING, 
NAVIGATION,  ETC. 

MARINE  ENGINES  AND  BOILERS. 

Their  Design  and  Construction.  A  Handbook  for  the  Use  of  Students, 
Engineers,  and  Naval  Constructors.  Based  on  the  Work  "  Berechnung  und 
Konstruktion  der  Schiffsmaschinen  und  Kessel,"  by  Dr.  G.  Bauer,  Engineer- 
in-Chief  of  the  Vulcan  Shipbuilding  Yard,  Stettin.  Translated  from  the  Second 
German  Edition  by  K.  M.  Donkin,  and  S.  Bryan  Donkin,  A.M.LC.E. 
Edited  by  Leslie  S.  Robertson,  Secretary  to  the  Engineering  Standards 
Committee,  M.LC.E.,  M.LM.E.,  M.LN.A.,&c.  With  numerous  Illustrations 
and  Tables.    Medium  8vo,  cloih.  ijust  Published.    QBI- A'ei. 

SUMMARY  OF  CONTENTS  :— PA liT  I.— MAIN  ENGINES.— DETERMINATION  OF  CYLIN- 
DER Dimensions.— The  Utilisation  of  Steam  in  the  Engine.— Stroke  of  piston. 
—NUMBER  OF  Revolutions.— TURNING  Moment.— Balancing  of  the  Moving  Parts 
—Arrangement  of  Main  Engines.— Details  of  Main  Engines.— The  Cylindfr  _ 
Valves.— Various  Kinds  of  Valve  Gear. -Piston  Rods.— Pistons.— Connecting 
Rod  and  Crosshead. —Valve  Gear  Rods.- bed  Plates.  —  Engine  Column^;  — 
Rever'^ing  AND  Turning  Gear,  part  II.— pumps.— Air,  Circulating  Ffed,  and 
AUXILIARY  Pumps,  part  III.— shafting,  RESISTANCE  OF  SHIPS,  PROPELLERS. 
—Thrust  Shaft  and  thrust  Block.— tunnel  Shafts  and  plummer  Blocks  — 
SHAFT  Couplings.— Stern  TUBE.— THE  Screw  propeller.— construction  of  the 
Screw.  part  IV.— pipes  and  connections.— general  remarks,  Fn..\GfcS, 
Valves,  &c.— Under  Water  Fittings.— Main  steam,  auxiliary  steam  and 
Exhaust  Piping —Feed  Water,  bilge,  Ballast  and  Circulating  pipes.  PART  V  — 
STEAM  boilers.— Firing  and  the  Generation  of  stf am.— cylindrical  boii  frs 

—  Locomotive  Boiler.'^.  —  Water-Tube  Boilers.  —  Small  Tube  Water-Tube 
Boilers.— Smoke  Box.— Funnel  and  Boiler  Lagging.— Forced  Draught.- boiler 
Fittings  and  mountings,  part  VI.— MEASURING  INSTRUMENTS  PART  VII  — 
VARIOUS  DETAILS.— Bolts,  Nuts,  Screw  threads,  &c.— platforms,  Gratings 

Ladders.  —  Found ^tions.  —  Seatings.  —  Lubrication  Ventilation  of  Engine 

Rooms.— RULES  for  Spare  Gear.  PART  Vlll.— ADDITIONAL  TABLES. 

"This  handsome  voUiine  contains  a  comprehensive  account  of  the  design  and  construction  of 
modern  marine  engines  and  boilers.  Its  arrang:ement  is  excellent,  and  the  numerous  illustrations 
represent  recent  practice  for  all  classes  of  warships  and  vessels  of  the  mercantile  marine.  His 
position  as  Engineer-in-Chief  of  the  great  Vulcan  Works  at  Stettin  gave  the  author  special  facilities 
for  selecting  illustrations  from  the  practice  of  that  firm,  which  has  built  many  of  the  swiftest  types 
of  steamships  for  both  war  and  conmierce.  Other  German  firms  and  the  German  Admiralty  have 
been  euually  generous  in  contributing  information,  while  a  large  proportion  of  the  illustrations  is 
drawn  from  English  technical  journals  and  the  proceedings  of  our  engineering  societies.  American 
practice  is  also  represented.  The  compilation  has  been  laborious,  no  doubt,  but  it  constitutes  a 
valuable  book  of  reference  and  a  treasury  of  information.  The  English  editor  and  his  assistants 
have  done  their  work  well,  both  in  translation  and  in  the  conversion  of  metric  to  English  measures." 

—  The  TimeSt 
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THE    NAVAL    ARCHITECT'S    AND  SHIPBUILDER'S 

POCKET-BOOK 

Of  Formulae,  Rules,  and  Tables,  and  Marine  Engineer's  and  Surveyor's  Handy 
Book  of  Reference.  By  Clement  Mackrow,  M.I.N. A.  Eighth  Edition, 
carefully  Revised  and  Enlarged.  Fcap.,  leather  .  .  ,  JVei  12/6 
Summary  of  Contents  :—S:gns  and  symbols,  Decimal  Fractions.— Trigo- 
nometry.—practical  Geometry.— Mensuration.— Centres  and  Moments  op 
Figures. —MOMENTS  of  inertia  and  Radii  Gyration.— Algebraical  Expressions 
for  Simpsons  Rules.— Mechanical  Principles.— Centre  of  Gravity.— Laws  of 
Motion. -Displacement,  Centre  of  Buoyancy.— Centre  of  Gravity  of  Ship's 
Hull.— stability  Curves  and  Metacentres.— Sea  and  Shallov/-water  Waves. 
—Rolling  of  Ships.— propulsion  and  Resistance  of  Vessels.— Speed  Trials.— 
Sailing,  cf.ntre  of  Effort.— Distances  down  Rivers,  Coast  Lines.— Steering  and 
Rudders  of  Vessels.— Launching  Calculations  and  velocities.— Weight  op 
Material  and  Gear. —Gun  Particulars  and  weight.— Standard  Gauges.— 
Riveted  Joints  and  Riveting.— Strength  and  Tests  of  Materials.— Binding 
AND  Shearing  stresses. —Strength  of  Shafting,  Pillars,  wheels,  &c. — 
Hydraulic  Data,  &c.  —  Conic  Sections,  Catenarian  Curves.  —  Mechanical 
Powers,  Work.— Board  of  Trade  Regulations  for  Boilers  and  Engines.— Board 
OP  trade  Regulations  for  Ships.— Lloyd's  Rules  for  boilers.— Lloyd's  Weight 
OF  Chains.— Lloyd's  scantlings  for  Ships.— Data  of  Engines  and  Vessels.— 
Ships'  Fittings  and  Tests.— Seasoning  preserving  Timber.— Measurement  op 
Timber.— ALLOYS,  Paints,  Varnishes.— Data  for  Stowage.— Admiralty  Trans, 
port  Regulations.  —  Rules  for  Horse-power,  Screw  Propellers,  &c.— Per- 
centages for  Butt  straps.— particulars  of  Yachts.— Masting  and  Rigging. 
—  Distances  of  Foreign  ports. —Tonnage  Tables.— Vocabulary  of  French  and 
English  Terms.— English  Weights  and  Measures.— Foreign  weights  and  Mea- 
sures.—Decimal  equivalents.— Useful  Numbers.— Circular  Measures.— Areas 
OF  AND  Circumferences  of  Circles.— Areas  of  Segments  cf  Circles.— Tables 
op  Squares  and  cubes  and  Roots  of  Numbers.— Tables  of  Logarithms  of  Num- 
bers.—Tables  OF  Hyperbolic  Logarithms.— Tables  op  Natural  Sines,  Tangents, 
—Tables  of  Logarithmic  Sines,  Tangents,  &c. 

"In  these  days  of  advanced  knowledge  a  work  like  this  Is  of  the  greatest  value.  It  contains 
a  vast  amount  of  information.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  seaman, 
wood  or  iron  shipbuilder,  can  afford  to  be  without  this  work." — I^auiicaL  Magazine. 

"  Should  be  used  by  all  whr  are  engaged  in  the  construction  or  design  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  collected  from  the 
best  authorities,  and  put  together  in  a  popular  and  simple  form.  It  is  of  exceptional  merit."— 
Engineer. 

"A  pocket-book  of  this  description  must  be  a  necessity  in  the  shipbuilding  trade.  It  con- 
tains a  mass  of  useful  information  clearly  expressed  and  presented  in  a  handy  form." — Marine 

Engineer. 

WANNAN'S  MARINE  ENGINEER'S  QUIDE 

To  Board  of  Trade  Examinations  for  Certificates  of  Competency.  Containing 
all  Latest  Questions  to  Date,  with  Simple,  Clear,  and  Correct  Solutions  ; 
302  Elementary  Questions  with  Illustrated  Answers,  and  Verbal  Questions 
and  Answers  ;  complete  Set  of  Drawings  with  Statements  completed.  By 
A.  C.  Wannan,C.E.,  Consulting  Engineer, and  E.  W.  I.  Wannan,  M.I.M.E., 
Certificated  First  Class  Marine  Engineer.  With  numerous  Engravings.  Fourth 
Edition,  Enlarged.  500  pages.  Large  crown  8vo,  cloth  .  .  Net  1C/6 
'*The  book  is  clearly  and  plainly  written  and  avoids  unnecessary  explanations  and  formulas, 
and  we  consider  it  a  valuable  book  for  students  of  marine  engineering." — Nautical  Magazine. 

WANNAN'S  MARINE  ENQINEER'5  POCKET-BOOK. 

Containing  Latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 
By  A.  C.  Wannan.  Third  Edition,  Revised,  Enlarged,  and  Brought  up  to 
Date.  Square  iSmo,  with  thumb  Index,  leather  .  ,  .  ,  ,  6/0 
"There  is  a  great  deal  of  useful  information  in  this  little  pocket-book.     It  is  of  the  rule-of 

thumb  order,  and  is,  on  that  account,  well  adapted  to  the  uses  of  the  sea-going  engineer."— 

Efigineer. 

MARINE  ENGINES  AND  STEAM  VESSELS. 

By  R.  Murray,  C.E.    Eighth  Edition,  thoroughly  Revised,  with  Additions 
by  the  Author  and  by  George  Carlisle,  C.E.    Crown  8vo,  cloth    .   4  6 
".\n  indispensable  manual  for  the  student  of  marine  e.x\^m&<ixm%."— Liverpool  Mercury. 

ELEMENTARY  MARINE  ENGINEERING. 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.    By  J.  S.  Brewer. 

Crown  8vo,  cloth  -1/6 

"  A  useful  introduction  to  the  more  elaborate  text-books." — Scotsman. 
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CHAIN  CABLES  AND  CHAINS. 

Comprising  Sizes  and  Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains, 
Chain  Cable  and  Chain  Making,  Forming  and  Welding  Links,  Strength  of 
Cables  and  Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain 
Cables  and  Chains,  Historical  Notes,  Acts  of  Parliament,  Statutory  Tests, 
Charges  for  Testing,  List  of  Manufacturers  of  Cables,  &c.,  &c.  By 
Thomas  W.  Traill,  F.E.R.N.,  M.Inst.C.E.,  Engineer-Surveyor-in-Chief, 
Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving  Establishments, 
and  General  Superintendent,  Lloyd's  Committee  on  Proving  Establishments. 
With  numerous  Tables,  Illustrations,  and  Lithographic  Drawings.  Folio, 

cloth  £2  2s. 

"  It  contains  a  vast  amount  of  valuable  information.  Nothing'  seetns  to  be  wanting  to  make  it 
a  complete  and  standard  work  of  reference  on  the  subject." — Nautical  Magazine. 

THE  SHIPBUILDING  INDUSTRY  OF  GERMANY. 

Compiled  and  Edited  by  G.  Lehmann-Felskowski.  With  Coloured  Prints, 
Art  Supplements,  and  numerous  Illustrations  throughout  the  text.  Super- 


royal  4to,  cloth  JNet  10/6 

SHIPS  AND  BOATS. 

By  W.  Bland.  With  numerous  Illustrations  and  Models.  Tenth  Edition. 
Crown  8vo,  cloth      .      ;  -f  /6 


SHIPS  FOR  OCEAN  AND  RIVER  SERVICE, 

Principles  of  the  Construction  of.  By  H.  A.  Sommerfeldt.  Crown  8vo  1/6 

AN  ATLAS  OF  ENGRAVINGS 

To  illustrate  the  above.  Twelve  large  folding  Plates.  Royal  4to,  cloth  "7/6 

NAVAL  ARCHITECTURE. 

An  Exposition  of  the  Elementary  Principles.  By  J.  Peake.  Cr.  8vo, 
cloth  3/6 

THE  ART  AND  SCIENCE  OF  SAILMAKINQ. 

By  Samuel  B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of 
Messrs.  Ratsey  and  Laptborne,  of  Cowes  and  Gosport.      Second  Edition, 
revised  and  enlarged.    Plates.    4to,  cloth  .      \_Just  published.    Net.  12/6 
"  This  extremely  practical  work  gives  a  complete  education  in  all  the  branches  of  the  inanu. 
facture,  cutting  out,  roping,  seaming,  and  goring.    It  is  copiously  illustrated,  and  will  form  a  first- 
rate  text-book  and  guide." — Portsmouth  Times. 

SAILS  AND  SAIL-MAKING, 

With  Draughting,  and  the  Centre  of  Eflort  of  the  Sails.  Weights  and 
Sizes  of  Ropes  ;  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  &c.  By 
R.  Kipping,  N.A.    Crown  8vo,  cloth  2/6 

MASTING,  MAST=MAK1NG,  AND  RIGGING  OF  SHIPS. 

Also  Tables  of  Spars,  Rigging,  Blocks;  Chain,  Wire, and  Hemp  Ropes,  &c., 
relative  to  every  class  of  vessels.    By  R.  Kipping.    Crown  8vo,  cloth  2/0 

SEA  TERMS,  PHRASES,  AND  WORDS 

(Technical  Dictionary  of)  used  in  the  English  and  French  Languages 
(English-French,  French-English).  For  the  Use  of  Seamen,  Engineers,  Pilots, 
Shipbuilders,  Shipowners,  and  Ship-brokers.  Compiled  by  W.  Pirrie,  late  of 
the  African  Steamship  Company.    Fcap.  8vo,  cloth  limp        .      .       •  5/0 

"  This  volume  will  be  highly  appreciated  by  seamen,  engineers,  pilots,  shipbuilders  and  ship- 
owners.   It  will  be  found  wonderfully  accurate  and  complete." — Scotsman. 

SAILOR'S  SEA  BOOK: 

A  Rudimentary  Treatise  on  Navigation.    By  James  Greenwood,  B.A. 
With  numerous  Woodcuts  and  Coloured  Plates.     New  and  Enlarged 
Edition.    By  W.  H.  Rosser.    Crown  8vo,  cloth       ....  2/6 
"  Is  perhaps  the  best  and  simplest  epitome  of  navigation  ever  compiled."— i^ic/<a?. 
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PRACTICAL  NAVIGATION.  ^  ^ 

Consisting  of  the  Sailor's  Sea  Book,  by  J.  Greenwood  and  W.  H.  Rossf.r; 
together  with  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems,  by  H.  Law,  C.E.,  and  Prof.  J.  R.  Young  .  .  .  .  7/0 
"  A  vast  amount  of  information  is  contained  in  tliis  volume,  and  we  fancy  m  a  very  short 

time  that  it  will  be  seen  in  the  library  of  almost  every  ship  or  yacht  afloat.  '—Hunts  Y achting 

Mai;azi7U. 

NAVIGATION  AND  NAUTICAL  ASTRONOMY, 

In  Theory  and  Practice.  By  Prof.  J.  R.  Young.  Crown  8vo,  cloth  .  2/6 
A  very  complete,  thorough,  and  useful  manual  for  the  young  nxivg^tox —Observatory . 

MATHEMATICAL  TABLES,  ,  ^.  ^  . 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations ;  to  which  is 
prefixed  a  Treatise  on  Logarithms,  by  H.  Law,  C.E.  With  Tables  for 
Navigation  and  Nautical  Astronomy.  By  Prof.  J.  R.  Young.  Crown  8vo, 
cloth  4/0 


MINING,   METALLURGY,  AND 
COLLIERY  WORKING. 


THE  OIL  FIELDS  OF  RUSSIA  AND  THE  RUSSIAN 

PETROLEUM  INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  E.xploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.LM.E.,  late  Chief  Engineer  and  Manager  of 
the  European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp. 
With  numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the 
Balakhanv-Saboontchy-Romany  Oil  Field.    Royal  8vo,  cloth.    Net  £3  3s. 

GOLD  MINING  MACHINERY. 

Its  Selection,  Arrangement,  and  Installation.  A  Practical  Handbook  for  the 
use  of  Mine  Managers  and  Engineers.  Including  particulars  for  the  Pre- 
paration of  Specifications  and  Estimates.  By  W.  H.  Tinney,  formerly  in 
charge  of  machinery  at  the  Mysore  Gold  Mine.  With  illustrations.  Medium 
Bvo.  cloth  \  Just  published.    Net  1216 

MACHINERY  FOR  METALLIFEROUS  MINES. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of 
Mines.  By  E.  Henry  Davies,  M.E.,  F.G.S.  600  pp.  With  Folding  Plates 
and  other  Illustrations.    Medium  8vo,  cloth       ,  .       .     Net  2510 

'•  Deals  exhaustively  with  the  many  and  complex  details  which  go  to  make  up  the  sum  total  01 
machinery  and  other  requirements  for  the  successful  working  of  metalliferous  mines,  and  as  a  book 
of  ready  reference  is  of  the  highest  value  to  mine  managers  and  directors.  —Mining  Journal. 

THE  DEEP  LEVEL  MINES  OF  THE  RAND, 

And  their  Future  Development,  considered  from  the  Commercial  Point  of  View. 
By  G.  A.  Denny  (of  Johannesburg),  M.N.E. I.M.E.,  Consulting  Engineer  to 
the  General  Mining  and  Finance  Corporation,  Ltd.,  of  London,  Berlin,  Pans, 
and  Johannesburg.    Fully  Illustrated  with  Diagrams  and  Folding  Plates. 

Royal  8vo,  buckram  •       •  • 

Mr  Denny  by  confining  himself  to  the  consideration  of  the  future  of  the  deep-level  mmes 
of  the  Rand  breaks  new  ground,  and  by  dealing  with  the  subject  rather  frorn  a  commercial  stand- 
point than  from  a  scientific  one,  appeals  to  a  wide  circle  of  readers.  The  book  cannot  fail  to  prove 
of  very  great  value  to  investors  in  South  African  mines."— yournal. 

PROSPECTING  FOR  GOLD.  ^  ^ 

A  Handbook  of  Practical  Information  and  Hints  for  Prospectors  based  on 
Personal  Experience.  By  Daniel  J.  Rankin,  F.R.S.G.S.,  M.R.A.S.,  formerly 
Manager  of  the  Central  African  Company,  and  Leader  of  African  Gold  Pros- 
pecting Expeditions.  With  Illustrations  specially  Drawn  and  Engraved  for 
the  Work.  Fcap.  8vo,  leather  .  .  .  •  •  '  ,  , ;  ,  hJ (fr 
'•  This  well-compiled  book  contains  a  collection  of  the  richest  gems  of  useful  knowledge  for 

the  prospector  s  benefit.    A  special  table  is  given  to  accelerate  the  spotting  at  a  glance  of  minerals 

associated  with  so\A."— Mining  Journal. 


24        CROSBY  LOCK  WOOD  S-  SON'S  CATALOGUE. 


THE  METALLURGY  OF  GOLD. 

A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-bearing  Ores. 
Including  the  Assaying,  Melting,  and  Refining  of  Gold.    By  M.  Eissler, 
M.Inst.M.M.     Fifth  Edition,  Enlarged.     With  over  300  Illustrations  and 
numerous  Folding  Plates.   Medium  8vo,  cloth       ....    2Vei  2'\  IQ 
"  This  boolc  thoroughly  deserves  its  title  of  a  '  Practical  Treatise. '    The  whole  process  of  gold 
mining,  from  the  brealcmg  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  dear  and  orderly 
narrative  and  with  much,  but  not  too  much,  fulness  of  detail."— 5a;Mra'<7}'  Review. 

THE  CYANIDE  PROCESS  OF  QOLD  EXTRACTION, 

And  its  Practical  Application  on  the  Witwatersrand  Gold  Fields  and  elsewhere 
By  M.  Eissler,  M.Inst.M.M.  With  Diagrams  and  Working  Drawings. 
Thiid  Edition,  Revised  and  Enlarged.  8 vo,  cloth  ....  NeiyjQ 
"This  book  is  just  what  was  needed  to  acquaint  minhig  men  with  the  actual  worlcine  of  a 

process  which  is  not  only  the  most  popular,  but  is,  as  a  general  rule,  the  most  successful  for  the 

extraction  of  gold  from  tailings."— iiriMj«^-  JaumaL 

DIAMOND  DRILLING  FOR  GOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modern  Diamond  Core  Drills  in  Pro- 
specting and  Exploiting  Mineral-Bearing  Properties,  including  Particulars  of 
the  Costs  of  Apparatus  and  Working.  By  G.  A.  Denny,  M.N.E.Inst.M  E 
M.Inst.M.M.  Medium  8 vo,  168  pp.,  with  Illustrative  Diagrams  .  12/6 
'!  There  is  certainly  scope  for  a  work  on  diamond  driUing,  and  Mr.  Denny  deserves  grateful 
recognition  for  supplying  a  decided  want."— A/»«i>t^  yoKrwa/.  ^ 

GOLD  ASSAYING. 

A  Practical  Handbook,  giving  the  Modus  Operandi  for  the  Accurate  Assay  of 
Auriferous  Ores  and  Bullion,  and  the  Chemical  Tests  required  in  the  Processes 
of  Extraction  by  Amalgamation,  Cyanidation,  and  Chlorination.  With  an 
Appendix  of  Tables  and  Statistics.  By  H.  Joshua  Phillips,  F.I.C.,  F.C  S., 
Assoc.Inst.C.E.,  Author  of  "  Engineering  Chemistry,"  &c.  With  Numerous 
Illustrations.    Large  Crown  8vo,  cloth  Net  "J IQ 

FIELD  TESTING  FOR  GOLD  AND  SILVER. 

A  Practical  Manual  for  Prospectors  and  Miners.  By  W.  H.  Merritt 
M.N.E.Inst.M.E.,  A.R.S.M.,  &c.     With  Photographic  Plates   and  other 

Illustrations.      Fcap.  Svo,  leather  Jifet  B/0 

"As  an  instructor  of  prospectors'  classes  Mr.  Merritt  has  the  advantage  of  knowine 
exactly  the  information  likely  to  be  most  valuable  to  the  miner  in  the  field.  ThI  contents  cover 
^t  ^lm^^l/yfu'^^laT        """'"^  ^      ^"'^  ^  addition  to  a  prospector" 

THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal-Bearing  or  other 
Valuable  Minerals.    By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.  Tenth 
Edition.    Small  crown  Svo,  3/6  cloth  ;  or,  leather      .       .      .      .  4/g 
"  Will  supply  a  much-felt  want,  especially  among  Colonists,  in  whose  way  are  so  often  thrown 

many  mmeralogical  specimens  the  value  of  which  it  is  difficult  to  determine. 

How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 

leading  points  to  which  attention  is  directed."— Aftmn^-  Journa.!,  ■o""u,  ire  cne 

THE  METALLURGY  OF  SILVER. 

A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixiviation  of  Silver 
Ores.    Including  the  Assaying,  Melting,  and  Refining  of  Silver  Bullion.  By 
M.  Eissler,  M.Inst.M.M.     Fifth  Edition.     Crown  Svo,  cloth       .  10/6 
"  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  wiU  supply  a  long-felt 
want  amongst  prac  ical  men,  and  at  the  same  time  be  of  value  to  students  and  others  Indirlctlv 
connected  with  the  industries.  '—Aft«i«^  Journal.  uiuoi»  uiuirecuy 

THE  HYDRO=METALLURGY  OF  COPPER. 

Being  an  Account  of  Processes  Adopted  in  the  Hydro-Metallurgical  Treat- 
ment of  Cupriferous  Ores,  Including  the  Manufacture  of  Copper  Vitriol,  with 
Chapters  on  the  Sources  of  Supply  of  Copper  and  the  Roasting  of  Copper  Ores. 
By  M.  Eissler,  M.Inst.M.M.    Svo,  cloth       ....  Nei12lB 
.1  f  ii.^^"  this  volume  the  various  proc-esses  for  the  extraction  of  copper  by  wet  methods  are  fuU  v 
detailed.    Costs  are  given  when  available,  and  a  great  deal  of  useful  information  about  the  copped 
industry  of  the  world  is  presented  in  an  interesting  and  attractive  manner. "-Afjm«r  Journal 
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THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modern  Smelting  Furnaces  and  Plants  in  Europe  and  America. 
By  M.  EissLER,  M.Inst.M.M.  Crown  8vo,  cloth  ....  12/6 
"  The  numerous  metaUurgfical  processes,  which  are  fully  and  extensively  treated  of,  embrace 

all  the  stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  states  to  its  Issue  from 

the  refinery  as  an  article  of  commerce." — Practical  Engineer. 

METALLIFEROUS  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.  Sixth  Edition,  thoroughly  Revised  and  much 
Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.    600  pp.,  with  173 

Illustrations.    Large  crown  8vo,  cloth  Net  1  2/6 

"  Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better 
book  for  his  companion  and  his  guide." — Mining;  Joumai. 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &c.  Third 
Edition,  Revised  and  Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S. 

With  about  100  Illustrations.    Crown  8vo,  cloth  12/6 

"  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains 
the  same  amount  of  information  packed  in  equally  convenient  form." — Academy. 

BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Development,  and  Future 
Prospects  of  Metalliferous  Mines  in  the  United  Kingdom.  By  Robert 
Hunt,  F.R.S.,  late  Keeper  of  Mining  Records.  Upwards  of  950  pp.,  with 
j^o  Illustrations.  Second  Edition,  Revised.  Super-royal  8vo,  cloth  £2  28. 

POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 

Comprising  Rules,  Formulas,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work.    By  F.  Danvers  Power,  F.G.S.,  M.E.    Second  Edition,  Corrected. 

Fcap.  8vo,  leather  9/0 

"  This  excellent  book  is  an  admirable  example  of  its  kind,  and  ought  to  find  a  large  sale 
amongst  English-speaking  prospectors  and  mining  eagm&exs."— Engineering, 

THE  MINER'S  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Mining 
Operations,  Ore  Dressing,  &c.  For  the  Use  of  Students  and  others  interested 
in  Mining  Matters.  Compiled  by  John  Milne,  F.R.S.,  Professor  of  Mining 
in  the  Imperial  University  of  Japan.  Third  Edition.  Fcap.  8 vo,  leather  7/6 
"  Professor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with 
mining,  and  will  be  extremely  popular  among  students." — Athenieum. 

IRON  ORES  of  GREAT  BRITAIN  and  IRELAND. 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for 
and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Kendall,  F.G.S.,  Mining  Engineer.    Crown  Svo,  cloth  ,      .  16/0 

METALLURGY  OF  IRON. 

Containing  History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analyses 
of  Iron  Ores,  Processes  of  Manufacture  of  Iron  and  Steel,  &c.  By 
H.  Bauermak,  F.G.S.,  A.R.S.M.  With  numerous  Illustrations.  Sixth 
Edition,  revised  and  enlarged.  Crown  Svo,  cloth  ....  5/0 
"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points; 
while  all  material  matters  are  very  fully  and  tlioroughly  entered  into." — Standards 

MINE  DRAINAGE. 

A   Complete    Practical    Treatise    on    Direct-Acting   Underground  Steam 
Pumping  Machinery.    By  Stephen  Michell.   Second  Edition,  Re-written 
and  Enlarged.   With  250  Illustrations.   Royal  Svo,  cloth      .       A'e/ 25/0 
HORIZONTAL  PUMPING  ENGINES.— ROTARY  AND  NON-ROTARY  HORIZONTAL 
engines.— Simple  AND  Compound  Steam  pumps.— VERTICAL  PUMPING  ENGINES.- 
rotary  and  non-rotary  vertical  engines.— simple  and  compound  steam 
pumps.  —  triple-expansion  steam  pumps.  —  pulsating  steam  pumps.  —  pump 
Valves.— Sinking  pumps,  &c.,  &c. 

"This  volume  contains  an  Immense  amount  of  Important  and  Interesting  new  matter. 
The  book  should  undoubtedly  prove  of  great  use  to  all  who  wish  for  information  on  the  sub- 
ject."—  The  Engineer, 
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PRACTICAL  COAL-MINING. 

An  Elementary  Class-Book  for  the  Use  of  Students  attending  Classes  in  Pre- 
paration for  the  Board  of  Education  and  County  Council  Examinations,  or 
Qualifying  for  First  or  Second  Class  Colliery  Managers'  Certificates.  By 
T.  H.  CocKiN,  Member  of  the  Institution  of  Mining  Engineers,  Certificated 
Colliery  Manager,  Lecturer  on  Coal-Mining  at  Sheffield  University  College. 
With  Map  of  the  British  Coal-fields  and  over  200  Illustrations  specially  Drawn 
and  Engraved  for  the  Work.    440  pages,  Crown  8vo,  cloth     .       .    Nei  4-IQ 

"  Tlie  style  of  exposition  is  lucid,  the  diagrams  are  clear,  and  as  a  'first-book'  to  put  into  the 
hands  of  an  embryonic  colliery  m.inager,  the  volume  is  an  unquestionable  success." — Mining- 
Journal. 

FIRST  LESSONS  IN  COAL  MINING. 

For  Use  in  Primary  Schools.  By  William  Glover,  Headmaster  of  the 
Higher  Standards  School,  Maesteg,  Glamorgan.  With  Diagrams  and  other 
Illustrations,  and  Introductory  Note  by  H.  F.  Bulman,  Member  of  the 
Institution  of  Mining  EngineerSk    Crown  8vo.      {Just  Published.    Net  1  /O 

ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  late  Professor  of  Coal  Mining  at  the 
Yorkshire  College,  Victoria  University ;  G.  D.  Aspinall  Parr,  M.I.E.E., 
A.M.I.M.H,  Head  of  the  Electrical  Engineering  Department,  Yorkshire 
College,  Victoria  University;  and  Herbert  Perkin,  M.I.M.E.,  Certificated 
Colliery  Manager,  Assistant  Lecturer  in  the  Mining  Department  of  the 
Yorkshire  College,  Victoria  University,  With  about  170  Illustrations,  Second 
Edition,  Revised  and  Enlarged.   Medium  8vo,  cloth,       \J^^i  Published. 

Net  1  2/0 

"  The  work  is  well  written,  and  exactly  suited  for  rapid  reference  by  men  to  whom  time  is 
an  object  of  the  first  importance." — Athen^um. 

"  Ought  to  find  a  place  in  the  library  of  all  who  are  interested  in  the  latest  development  of 
this  branch  of  mining  engineering." — Electrical  Review, 

THE  COLLIERY  MANAQER'5  HANDBOOK. 

A  Comprehensive  Treatise  on  the  Laying-out  and  Working  of  Collieries, 
Designed  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal- 
Mining  Students  preparing  for  First-class  Certificates,     By  Caleb  Pamely, 
Member  of  the  North  of  England  Institute   of    Mining  and  Mechanical 
Engineers,  and  the  South  Wales  Institute  of  Mining  Engineers.    With  over 
1,000  Diagrams,  Plans,  and  other  Illustrations.      Fifth  Edition,  Carefully 
Revised  and  Greatly  Enlarged.    1,200  pp.    Medium  8vo,  cloth  Net  £1  Qs. 
Geology.— Search  for  coal.— Mineral  Leases  and  other  Holdings.— 
Shaft  Sinking.— Fitting  up  the  Shaft  and  Surface  Arrangements.— Steam 
Boilers  and  their  Fittings.— Timbering  and  Walling.—  Narrow   work  and 
Methods  of  Working.  —  Underground   Conveyance.  -  Drainage.— the  Gases 
met  with  in  Mines  ;  Ventilation.  —  On  the  Friction  op  Air  in  Mines.  —  the 
Priestman  Oil    Engine;   Petroleum    and   Natural   Gas.  —  Surveying  and 
Planning.— Safety  I^amps  and  Firedamp  Detectors.— St  ndrv  and  Incidental 
Operations.— Colliery  Explosions.— Miscellaneous  Questions  .\nd  Answers.— 
Summary  op  Report  op  H.M.  Commissioners  on  accidents  in  Mines, 

' '  Eminently  suited  to  the  purpose  for  which  it  Is  intended,  bein^  clear  interesting,  exhaustive, 
rich  in  detail,  and  up  to  date,  giving  descriptions  of  the  latest  machines  Ir  every  department.  A 
mining  engineer  could  scarcely      wrong  who  followed  this  work." — Colliery  (ruavdian. 

"This  Is  the  most  comj-lcte  'all-round'  work  on  coal-mining  puDllshetl  in  the  English 
language.  .  ,  .  No  library  of  coal-mlnlng  books  Is  complete  without  It. "-  Colliery  Engitieer 
(Scranton,  Pa.,  U.S.A.). 


COLLIERY  WORKING  AND  MANAGEMENT. 

Comprising  the  Duties  of  a  Colliery  Manager,  the  Superintendence  and 
Arrangement  of  Labour  and  Wages,  and  the  different  Sj'Stems  of  Working 
Coal  Seams.  By  H.  F.  Bulman,  F.G.S.,  Member  of  the  Institution  of 
Mining  Engineers,  and  R.  A,  S.  Redmayne,  M.Sc,  F.G.S.,  Professor  of 
Mining  in  the  University  of  Birmingham.  450  pp.,  witt  28  Plates  and 
other  Illustrations,  including  Underground  Photographs.    Medium  8vo,  cloth. 

\.  Just  published.    Net  18  '0 
'*Thls  Is,  Indeed,  an  admirable  Handbook  for  Colliery  Managers,  in  fact  It  Is  an  indispensable 
adjunct  to  a  Colliery  Manager's  education,  as  well  as  being  a  most  useful  and  interesting  work 
on  the  subject  for  all  who  in  any  way  have  to  do  with  coal  mining," — Colliery  Guardian, 
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NOTES  AND  FORMUL/E  FOR  MINING  STUDENTS. 

By  John  Herman  Merivalk,  M.A.,  Late  Professor  of  Mining  in  the  Durham 
College  of  Science,  Newcastle-upon-Tyne.     Fourth  Edition,  Revised  and 
Enlarged.    By  H.  F.  Bulman,  A.M.Inst.C.E.    Small  crown  8vo,  cloth.  2/6 
"The  author  has  done  his  work  in  a  creditable  manner,  and  has  produced  a  book  that  will 
be  of  service  to  students  and  those  who  are  practically  engaged  in  mining  operations."— Enfz/teer. 

PHYSICS  AND  CHEMISTRY  OF  MINING. 

An  Elementary  Class-Book  for  the  use  of  Stiidents  preparing  for  the  Board 
of  Education  and  County  Council  Examinations  in  Mining,  or  qualifying  for 
Colliery  Managers'  Certificates.  By  T.  H.  Byrom,  Chemist  to  the  Wigan 
Coal  and  Iron  Co.,  Ltd.,  &c.    With  Illustrations.    Crown  8vo,  cloth. 

[/usf  Published.    Net  3/6 

MINING  CALCULATIONS. 

For  the  use  of  Students  Preparing  for  the  Examinations  for  Colliery 
Managers'  Certificates,  comprising  Numerous  Rules  and  Examples  in 
Arithmetic,  Algebra,  and  Mensuration.  By  T.  A.  O'Donahue,  M.E.,  First- 
class  Certificated  Colliery  Manager.    Crown  8vo,  cloth      .       .       .  3/6 

COAL  AND  COAL  MINING, 

By  the  late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.     Eighth  Edition, 
Revised  and  Extended  by  T.  Forster  Brown,  Chief  Inspector  of  the  Mines 
of  the  Crown  and  of  the  Duchy  of  Cornwall.    Crown  8vo,  cloth       .  3/6 
"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  n\uch  care.  The  book  will 
doubtless  interest  a  very  large  number  of  readers."— Journal. 

INFLAMMABLE  GAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).    By  Frank  Clowes,  D.Sc,  Lond., 
F.I.C.    With  a  Chapter  on  The  Detection  and  Measurement  or  Petro- 
leum Vapour,  by  Boverton  Redwood,  F.R.S.E.  Crown  8vo,  cloth.  Net  5/0 
"  Professor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  Importance   .  . 
Those  Interested  in  these  matters  may  be  recommended  to  study  this  book,  which  is  easy  of  compre- 
hension and  contains  many  good  things."— rA<  Engineer. 

COAL  &  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of 
Coal,  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties.  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  Veins  or 
Seams  ;  Analyses  of  each  Variety  ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.    By  Richard  Meade.    8vo,  cloth    .       .    £1  8s. 

MINING  TOOLS,  ,        ,  . 

Manual  of.    By  W.  Morgans,  Lecturer  on  Mining  at  the  Bristol  School  of 

Mines.    Crown  Svo,  cloth  2/6 

Atlas  of  Engravings  to  the  above,  containing  235  Illustrations  drawn  to 

Scale.    4to  4/6 

"  Ktudents,  Overmen,  Captains,  Managers,  and  Viewers  may  gain  practical  knowledge  and 
useful  hints  by  the  study  of  .Vlr.  Morgans'  ^\;\\\wa\." —Colliery  Gtiardian. 

SLATE  AND  SLATE  QUARRYING. 

Scientific,  Practical,  and  Commercial.  By  D.  C.  Davies,  F.G.S.,  Mining 
Engineer,  &c.    With  numerous  Illustrations  and  Folding  Plates.  Fourth 

Edition.    Crown  8vo,  cloth  3/0 

"  One  of  the  best  and  best-balanced  treatises  on  a  special  subject  that  we  have  met  with."— 
Ensineer. 

A  FIRST  BOOK  OF  MINING  AND  QUARRYING. 

By  J.  H.  C0LLIN.S,  F.G.S.    Crown  8vo,  cloth  1/6 

ASBESTOS  AND  ASBESTIC. 

Their  Properties,  Occurrence,  and  Use.    By  Robert  H.  Jones,  F.S.A., 
Mineralogist,    Hon.    Mem.  Asbestos  Club,    Black  Lalte,   Canada.  With 
Ten  Collotype  Plates  and  other  Illustrations.  Demy  Svo,  cloth.  .    Net  1  6/0 
"  An  Interesting  and  invaluable  work."— Co/Ziery  Guardiar, 
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QRANITE5  AND  OUR  GRANITE  INDUSTRIES. 

By  George  F.  Harris,  F.G.S.  With  Illustrations.  Crown  8vo.  cloth  2/6 

MINERAL  SURVEYOR  AND  VALUER'S  GUIDE. 

Comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuation  of 
Mining  Properties,  vfith  New  Traverse  Tables.    By  W.  Lintern,  C.E., 

Fourth  Edition,  enlarged.    Crown  8v6,  cloth  3/6 

"  Cont.-iiTi.s  much  valuable  information,  and  is  thoroughly  trustworthy."— and  Coal 
Trades  Review. 

TRAVERSE  TABLES. 

For  use  in  Mine  Surveying.  By  William  Lintern,  C  E  With  two  plates. 
Small  crown  8vo,  cloth  Q/Q 

SUBTERRANEOUS  SURVEYING. 

By  T.  Fenwick.  Also  the  Method  of  Conducting  Subterraneous  Surveys 
without  the  use  of  the  Magnetic  Needle,  &c.   By  T.  Baker.   Cr.  8vo.  2/6 

MINERALOGY, 

Rudiments  of.  By  A.  Ramsay,  F.G  S.  Fourth  Edition.  Woodcuts  and 
Plates.    Crown  8vo,  cloth   g/g 

PHYSICAL  GEOLOGY, 

Partly  based  on  Major-General  Portlock's  "  Rudiments  of  Geology."  By 
Ralph  Tate,  A.L.S.,  &c.    Woodcuts.    Crown  8vo,  cloth  .       ,       .  2'0 

HISTORICAL  GEOLOGY, 

Partly  based  on  Major-General  Portlock's  "Rudiments."  By  Ralph 
Tate.    Crown  8vo,  cloth   2/6 

GEOLOGY, 

Physical  and  Historical  Consisting  of  the  above  two  volumes  bound 
together.    Crown  8vo,  cloth  4/g 

ELECTRICITY,  ELECTRICAL 
ENGINEERING,  ETC. 

THE  ELEMENTS  OF  ELECTRICAL  ENGINEERING. 

A  First  Year's  Course  for  Students.  By  Tyson  Sewell,  A.I.E.E.,  Assistant 
Lecturer  and  Demonstrator  in  Electrical  Engineering  at  the  Polytechnic, 
Regent  Street,  London.  Third  Edition,  Revised  and  Enlarged,  including  an 
Appendix  of  Questions  and  Answers.  460  pages,  with  274  Illustrations.  Demy 
8vo,  cloth.  [Just  Published.    Net  7/6 

Ohm's  Law.— Units  Employed  in  Electrical  Engineering. -Series  and 
Parallel  Circuits;  Current  Density  and  potential  Drop  in  the  Circuit  — 
The  Heating  Effect  of  the  Electric  Current.— the  Magnetic  Effect  of  an 
Electric  Current.— The  Magnetisation  ofIron.— electro-Chemistry;  primary 
Batthries.—Accumulators.— Indicating  Instruments  Ammeters,  Voltmeters, 
Ohmmeters.— Electricity  Supply  Meters. —Measuring  Instruments,  and  the 
Measurement  of  Electrical  Resistance.  —  Measurement  of  Potential  Dif- 
ference, Capacity  Current  Strength,  and  Permeability.— arc  Lamps.— incan- 
descent Lamps,  Manufacture  and  installation  ;  Photometry.  —  the  con- 
tinuous Current  Dynamo.— Direct  Current  Motors.— alternating  Currents. 
—Transformers,  Alternators,  Synchronous  Motors.— Polyphase  working  — 
Appendix  of  Questions  and  Answers.  » 

"An  excellent  treatise  for  students  of  the  elementary  facts  connected  with  electrical 
engineering." — The  Electrician, 

"  One  of  the  best  books  for  those  commencing-  the  study  of  electrical  engineering.  Every- 
thing is  explained  in  simple  langu  ge  which  even  a  beginner  cannot  fail  to  understand."— En^neer. 

"  One  welcomes  this  book,  which  is  sound  in  its  treatment,  and  admirably  calculated  to  give 
students  the  knowledge  and  information  they  most  reauire." — Nature. 

ELEMENTARY  ELECTRICAL  ENGINEERING 

In  Theory  and  Practice.  A  Class-book  for  Junior  and  Senior  Students,  and 
Working  Electricians.  By  J.  H.  Alexander,  M.B.,  A.I.E.E.  With  181 
Illustrations.    Crown  8vo,  cloth.  [Just  Published.    Net  3/6 

THE   ELECTRICAL  TRANSMISSION  OF  ENERGY. 

A  Manual  for  the  Design  of  Electrical  Circuits.  By  Arthur  Vaughan 
Abbott  C.E.,  Member  American  Institute  of  Electrical  Engineers,  Member 
American  Institute  of  Mining  Engineers,  Member  American  Society  of  Civil 
Engineers,  Member  American  Society  of  Mechanical  Engineers,  &c.  With 
Ten  Folding  Diagrams  and  Sixteen  Full-page  Engravings.  Fourth  Edition, 
entirely  Re-Written  and  Enlarged.    Royal  Svo,  cloth    .       .       Net  30/0 


ELECTRICITY.  ELECTRICAL  ENGINEERING,  S'C.  2g 


ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lopton,  M.Inst  C.E.,  M.I.M.E.,  M.I  E  E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  Engineer 
and  Colliery  Man.iger  ;  G.  D.  Aspinall  Parr,  M.I. E  E.,  A  M.I.M.E., 
Associate  of  the  Central  Technical  College,  City  and  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Department,  Yorkshire  College,  Victoria 
University;  and  Herbert  Perkin,  M.I.M.E.,  Certificated Collierj'  Manager, 
Assistant  Lecturer  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.  With  about  170  Illustrations  Second  Edition,  Revised 
and  Enlarged.    Medium  8vo,  cloth.  [/^st  P-ublisheA.    Net  1  2/0 

ELECTRIC=WIRlNO,  DIAGRAMS  «&  SW1TCH=B0ARDS. 

A  Work  on  the  Theory  and  Design  of  Wiring  Circuits.  A  Practical  Guide  for 
Wiremen,  Contractors,  Engineers,  Archilects,  and  others  interested  in  the 
application  of  Electricity  to  Illumination  and  power.  By  Newton  Harrison, 
E.E.,  Instructor  in  Electrical  Engineering  in  the  Newark  (U.S.)  Technical 
School.    With  105  Illustrations.    Crown  Svo,  cloth. 

\J-ust  Published.    Net  5/0 

CONDUCTORS  FOR  ELECTRICAL  DISTRIBUTION. 

Their  Materials  and  Manufacture,  The  Calculation  of  Circuits,  Pole-Line 
Construction,  Underground  Working,  and  other  Uses.  By  F.  A.C.Perrine, 
A.M.,  D.Sc-  ;  formerly  Professor  of  Electrical  Engineering,  Leland  Stanford, 
Jr.,  University ;  M.Amer.I.E.E.    Svo,  cloth       ....    Net  20/0 

Conductor  Materials— alloyed  conductors— Manufacture  of  Wire— 
Wire-Finishing— Wire  insulation— Cables— Calculation  of  circuits— Kelvin's 
Law  of  Economy  in  Conductors— Multiple  Arc  Distribution— alternating 
Current  Calculation— Overhead  Lines— Pole  Line— Line  Insulators— Under. 
GROUND  Conductors. 

DYNAMO  ELECTRIC  MACHINERY:    its  CONSTRUC- 
TION, DESIQN,  and  OPERATION. 

By  Samuel  Sheldon,  A.M.,  Ph.D.,  Professor  of  Physics  and  Electrical  Engi- 
neering at  the  Polytechnic  Institute  of  Brooklyn,  assisted  by  H.  Mason,  B.S. 
In  two  volumes,  sold  separately,  as  follows  : — 
Vol.  I.— DIRECT  CURRENT  MACHINES.    Fifth  Edition,  Revised.  Large 
crown  Svo.    280  pages,  with  200  Illustrations        .       .      Net    1  2/0 
Vol.  II.— ALTERNATING  CURRENT  MACHINES.  Large  crown  Svo.  260 

pages,  with  184  Illustrations  Net  12/0 

Desigrned  as  Text-books  for  use  in  Technical  Educational  Institutions,  and  by  Engineers 
whose  worlc  includes  the  handling-  of  Direct  and  Alternating  Current  Machines  respectively,  and 
for  Students  proficient  in  mathematics. 

DYNAMO,    MOTOR   AND   SWITCHBOARD  CIRCUITS 

FOR  ELECTRICAL  ENGINEERS. 

A  Practical  Book  dealing  with  the  subject  of  Direct,  Alternating  and  Poly- 
phase Currents.    By  William  R.  Bowkkr,  C.E.,  M.E.,  E.E.,  Consulting 

Tramway  Engineer.    Svo,  cloth  Net  6/0 

"  Mr.  Bowker's  book  consists  chiefly  of  diagrams  of  connections,  with  short  explanatory 

notes,  there  are  over  100  diagrams,  and  the  cases  considered  cover  all  the  more  important  circuits, 

whether  in  direct  current,  single-phase  or  polyphase  work." — Nature. 

ARMATURE  WINDINGS  oP  DIRECT  CURRENT  DYNAMOS. 

Extension  and  Application  of  a  General  Winding  Rule.  By  E.  Arnold, 
Translated  from  the  German  by  F.B.  De  Gress.    Svo,  cloth    .    Net  12/0 

POWER  TRANSMITTED  BY  ELECTRICITY, 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Construction. 
By  P.  Atkinson,  A.M.,  Ph.D.  Third  Edition,  Fully  Revised,  and  New 
Matter  added.    With  94  Illustrations.    Crown  Svo,  cloth     .       .    Net  9/0 

THE  MANAGEMENT  OF  DYNAMOS. 

A  Handybook  of  Theory  and  Practice  for  the  Use  of  Mechanics,  Engineers, 
Students,  and  others  in  Charge  of  Dynamos.    By  G.  W.  Lummis-Patkrson. 

Third  Edition,  Revised.    Crown  Svo,  cloth  4/6 

"  The  subject  is  treated  In  a  manner  which  any  intelligent  man  who  Is  fit  to  be  entrusted  with 

charge  of  an  engine  should  be  able  to  understand.   It  is  a  useful  boot  to  all  who  make,  tend,  or 

employ  electric  machinery." — Architect. 
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DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer-Constructors  and  Electricians- 
in-Charge.  By  J.  W.  Urquhart.  Second  Edition,  Enlarged,  with  114 
Illustrations.    Crown  8vo,  cloth   .  7IS 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Amateurs.  Containing  Illustrations  and  Detailed 
Instructions  for  Constructing  a  Small  Dynamo  to  Produce  the  Electric  Light. 
By  Alfred  Crofts.    Seventh  Edition.    Crown  8vo,  cloth  .       .       .  2/0 

WIRELESS  TELEGRAPHY; 

Its  Origins,  Development,  Inventions,  and  Apparatus.  By  Charles  Henry 
Skwall.    With  85  Diagrams  and  Illustrations.    Svo,  cloth     .       Net  1 0/6 

SUBMARINE  TELEGRAPHS. 

Their  History,  Construction,  and  Working.  Founded  in  part  on  WCnschkn- 
dorff's  "  Traite  de  T^legraphie  Sous-Marine,"  and  Compiled  from  Authorita- 
tive and  Exclusive  Sources.  By  Charles  Bright,  F.R.S.E.,  A.M.Inst.C.E., 
M.I.E.E.    780  pp.,  fully  Illustrated,  including  Maps  and  Folding  Plates. 

Royal  Svo,  cloth  JVet  £3  Ss. 

"  This  admirable  volume  must,  for  many  years  to  ccme,  hold  the  position  of  the  English 
classic  on  submarine  telegraphy." — Eng^ineer. 

ELECTRICAL  AND  MAGNETIC  CALCULATIONS. 

For  the  Use  of  Electrical  Engineers  and  Artisans,  Teachers,  Students,  and  all 
others  interested  in  the  Theory  and  Application  of  Electricity  and  Magnetism. 
By  Prof.  A.  A.  Atkinson,  Ohio  University.    Crown  8vo,  cloth       Net  9/0 

"  To  teachers  and  those  who  already  possess  a  fair  knowledge  of  their  subject  we  can  recom- 
mend this  book  as  being  useful  to  consult  when  requiring  data  or  formulae  which  it  is  neither  con- 
venient nor  necessary  to  retain  by  memory." — Tke  Electrician. 

THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popular  Encyclopaedia  of  Words  and  Terms  Used  in  the  Practice  of  Electrical 
Engineering.  Containing  upwards  of  3,000  definitions.  By  T.  O'Conor 
Sloane,  A.m.,  Ph.D.    Third  Edition,  with  Appendix.     Crown  8vo,  6qo  pp., 

3QO  Illustrations,  cloth  Net  7/6 

"  The  work  has  many  attractive  features  in  it,  and  Is,  beyond  doubt,  a  well  put  together  and 

useful  publication.    The  amount  of  ground  covered  may  be  gathered  from  the  fact  that  in  the  index 

about  5,000  references  will  be  io\md."— Electrical  Review. 

ELECTRIC  LIGHTING  (ELEMENTARY  PRINCIPLES  OF). 

By  Alan  A.  Campbell  Swinton,  M.Inst.C.E.,  M.I.E.E.  Sixth  Edition. 
With  16  Illustrations.    Crown  8vo,  cloth  1/6 

ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodying  Plain  Directions  for  the  Treatment  of 
Dynamo-Electric  Machines,  Batteries,  Accumulators,  and  Electric  Lamps. 
By  J.  W.  Urquhart,  C.E.   Seventh  Edition.    Crown  8vo,  cloth      .  7/6 
"  The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  In  a  very  clear 
and  concise  manner,  "—Elect}  ical  Review. 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 
with  Particulars  of  the  Cost  of  Plant  and  Working.  By  J.  H.  Knight. 
Fourth  Edition,  Revised.    Crown  Svo,  wrapper  1/0 

ELECTRIC  LIGHT  FITTING. 

A  Handbook  for  Working  Electrical  Engineers,  embodying  Practical  Notes  on 
Installation  Management.  By  J.  W.  Urquhart.  With  numerous  Illustra- 
tions.   Fourth  Edition,  Revised.    Crown  Svo,  cloth  S/O 

"  This  volume  deals  with  the  mechanics  of  electric  lighting,  and  is  addressed  to  men  who 
are  already  engaged  in  the  work,  or  are  training  for  it.  The  work  traverses  a  great  deal  of  ground, 
and  may  be  read  as  a  sequel  to  the  author's  useful  work  on  'Electric  U^ht.' "—Electrician. 

ELECTRIC  SHIP-LIGHTING. 

A  Handbook  on  the  Practical  Fitting  and  Running  of  Ships'  Electrical  Plant. 
For  the  Use  of  Shipowneis  and  Builders,  Marine  Electricians,  and  Seagoing 
Engineers-in-Charge.     By  J.  W.  Urquhart,  C.E.     Crown  Svo,  cloth  7/6 
"  Mr.  Urquhart  Is  to  be  highly  complimented  for  placing  such  a  valuable  work  at  the  service 
of  marine  electricians." — The  Steamskif. 

DYNAMIC  ELECTRICITY  AND  MAGNETISM. 

By  Philip^  Atkinson,  A.M.,  Ph.D.,  Author  of  "Elements  of  Static 
Electricity,"  &c.    Crown  Svo,  417  pp.,  with  120  Illustrations,  cloth     .  ■|0/'6 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY. 

By  H.  M.  NoAD,  F.R.S.   650  pp.,  with  470  Illustrations.    Crown  Svo,  cloth. 
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PORTFOLIO  OF  MEASURED  DRAWINGS. 

Issued  by  the  School  of  Architec  ure  of  the  University  of  Liverpool.  To  be 
published  annually  under  the  direction  of  Professor  C.  H.  Reii.i.y.  Con- 
taining measured  drawings  (including  detailed  _  drawings  and  contours  ot 
mouldings)  of  notable  buildings  in  Great  Britain  and  Ireland,  and  on  the 
Continent. 

Each  volume  will  be  produced  in  folio,  with  about  30  full-page  plates  and 
descriptive  letterpress.  .     ,  .,  ,.        ,  ,  ^ 

Vol  I.  contains  a  complete  External  Survey  of  the  following  buildings  with  detail  drawing-! 
to  a  large  scale      THE  TOWN  HALL,  7.IVERPOOL,  7  PLATES.-THE  PALACE  OE  THE  PETIT 

TRIANON.  Versailles,  5  Pl.-\tes.-The  Palace  of  the  Grand  Trianon,  Versailles, 
4  Plates,— THE  Custom  House,  Dublin,  4  plates.-The  Orangery,  Kensington 
Palace  %  plates.— The  Senate  House,  Cambridge,  3  Plates.— The  House  of 
Providence,  dingle  Lane,  Liverpool,  i  plate.-Lodge  to  the  House  of  Provi- 
dence I  Plate  —Main  Doorway  under  Colonnade,  St.  George's  Hall,  Liverpool, 
I  Plate.— Jacobean  Oak  Chimney  Piece,  hall-i'-th'-Wood  museum,  Bolton,  i  Plate. 
Either  loose  in  a  cloth  Portfolio  or  bound  in  cloth.  Net  21/0 

SPECIFICATIONS  IN  DETAIL. 

By  Frank  W.  Macey,  Architect,  Author  of  "  Conditions  of  Contract. 
Second  Edition,  Revised  and  Enlarged,  containing  644  pp.,  and  2,000  Illustra- 
tions.   Royal  8vo,  cloth  Net  ^MO 

Summary  of  contents  :— General  Notes.— Specification  of  works  and 
List  of  general  conditions.— preliminary  Items  (including  Shoring  and 
house  Breaker).— Drainage  (including  Rain-water  Wells  and  reports.— 
Excavator  (including  Concrete  Floors,  roofs.  Stairs  and  Walls) - 
Pavior.— Bricklayer  (including  Flintwork,  River  and  other  Walling.  Spring- 
water  Wells,  Storage  TA^KS,  Fountains,  Filters,  Terra  Cotta  and  Faience).— 
Mason  —Carpenter,  Joiner  and  ironmonger  (including  Fencing  and  piling).— 
Smith  and  founder  (including  Heating,  Fire  Hydrants,  stable  and  Cow-housk 

FITTINGSI.-SLATER  (including  slate  MAS0N).-TILHR.— stone  TILER.-SHINGLER.- 
THATCHER  -  plumber  (including  hot-water  WORK).  -  ZINCWORKER.  —  copper- 
smith —  Plasterer  -  Gasfitter.  —  Bellhanger.  —  Glazier.  —  painter.  —  paper 

HANGKR.  — GENERAL  REPAIRS  AND  ALTERATIONS. —VENTILATION.  —  ROAD-MAKING.  - 

ELECTRIC  Light.— Index. 

"We  strongly  advise  every  student  to  purchase  the  volume  and  carefully  study  it,  while  to  the 
older  practitioner  we  would  say,  have  it  by  you  as  a  most  useful  work  of  reference.  —A  rchitectural 
Associaiiofi  Notes. 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  for  1906. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
Greatly  Enlarged.  By  Francis  T.  W.  Miller.  800  closely-prmted  pages, 
crown  8vo,  cloth.  \Jusi  Published  4/0 

"An  excellent  book  of  reference."— ^r<;A«y<rt.  „       .    >    ,. > 

•'  Comprehensive,  reliable,  weU  arranged,  legible  and  well  bound.  —British  Archtiect. 

PRACTICAL  BUILDING  CONSTRUCTION. 

A  Handbook  for  Students  Preparing  for  Examinations,  and  a  Book  of 
Reference  for  Persons  Engaged  in  Building.  By  John  Parnell  Allen, 
Surveyor,  Lecturer  on  Building  Construction  at  the  Durham  College  of 
Science,  Newcastle-on-Tyne.  Fourth  Edition,  Revised  and  Enlarged. 
Medium  8vo,  570  pp.,  with  over  1,000  Illustrations,  cloth  .  .  NetTlQ 
"  The  author  depends  nearly  as  much  on  his  diagrams  as  on  his  type.    The  pages  suggest 

the  hand  of  a  man  of  experience  in  buUding  operations-and  the  volume  must  be  a  blessmg  to 

many  teachers  as  well  as  to  students." — The  Architect. 

A  HANDBOOK  ON  REINFORCED  CONCRETE. 

For  Architects,  Engineers  and  Contractors.  By  F.  D.  Warren,  Massa- 
chusetts Institute  of  Technology,  with  Illustrations,  271  pages.  Crown  8yo, 
cloth  published.    Net  1  0/6 

EXTRACT  from  PREFACE. 
The  bjok  is  divided  into  four  parts.  Part  I.  gives  a  gf  neral  but  concise  xi%w\i.  of  the  subject 
from  a  practical  standpoint,  bringing  out  some  of  the  difficulties  met  with  in  practice  and 
suggesting  remedie-.  Under  Part  11.  is  cimpiled  a  series  of  tests  justifying  the  use  of  various 
constants  and  co-efficients  in  preparing  the  tables  under  Part  111.  Part  HI.  contains  a  series  of 
Tables  from  which  it  is  hoped  the  designer  may  obtain  all  necessary  information  to  meet  the  more 
common  cases  in  practice.  Part  IV.  treats  of  the  design  of  trussed  roofs  from  a  practical  standpomt. 
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SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.    Upon  the  Basis 
of  the  Work  by  A.  Bartholomew,  Revised,  by  F.  Rogers.    8vo,  cloth    1  5/O 
"  Oneot  the  books  with  which  every  young  architect  must  be  equipped."— ^rtAtVerf. 

SCIENCE  OF  BUILDING: 

An  Elementary  Treatise  on  the  Principles  of  Construction.  By  E.  Wynd- 
HAM  Tarn,  M.A.  Lond.    Fourth  Edition.    Crown  8vo,  cloth     .       .  3/6 

ART  OF  BUILDING, 

Rudiments  of.  General  Principles  of  Construction,  Character,  Strength, 
and  Use  of  Materials,  Preparation  of  Specifications  and  Estimates,  c&c. 
By  Edward  Dobson,  M.Inst.C.E.  Fifteenth  Edition,  revised  by  J.  P. 
Allen,  Lecturer  on  Building  Construction  at  the  Durham  College  of 

Science.    Crown  8vo,  cloth  2/0 

"  A  good  book  for  practical  knowledge,  and  about  the  best  to  be  obtained."— ^Kz'/rfiw.i'-  News. 

BOOK  ON  BUILDING, 

Civil  and  Ecclesiastical.    By  Sir  Edmund  Beckett,  Bart.,  LL.D.  Second 

Edition.    Crown  8vo,  cloth  4/6 

"  A  book  whicli'  is  always  amusing  and  nearly  always  instructive." — Times. 

BUILDING  ESTATES: 

A  Treatise  on  the  Development,  Sale,  Purchase,  and  Management  of 
Building  Land.  By  F.  Maitland.  Fourth  Edition.  Crown  8vo,  cloth  2/0 
"  This  book  should  undoubtedly  be  added  to  the  library  of  every  professional  man  dealing 
with  building  land.' ' — Land  Agent's  Record. 

COTTAGE  BUILDING. 

By  C,  Bruce  Allen.  Twelfth  Edition,  with  Chapter  on  Economic 
Cottages  for  Allotments  by  E.  E.  Allen,  C.E.    Crown  8vo,  cloth     .  2/0 

DWELLING=HOUSES, 

Erection  of,  illustrated  by  a  Perspective  View,  Plans,  Elevations,  and 
Sections  of  a  Pair  of  Villas,  with  the  Specification,  Quantities,  and  Estimates. 
By  S.  H.  Brooks.    Crown  8vo,  cloth  2/6 

FARM  BUILDINGS: 

Their  Arrangement  and  Construction,  with  Plans  and  Estimates.  By  Pro- 
fessor J.  Scott.    Crown  8vo,  cloth  2/0 

"  No  one  who  is  called  upon  to  design  farm  buildings  can  afford  to  be  without  this  work."— 
Builder. 

SHORING, 

And  its  Application.  By  G.  H.  Blagrove.  Crown  8vo,  cloth  .  .1/6 
"  We  recommend  this  valuable  treatise  to  all  students." — BtiiUhjig  News. 

ARCHES,  PIERS,  BUTTRESSES. 

By  William  Bland.    Crown  8vo,  cloth  -| /6 

PRACTICAL  BRICKLAYING. 

General  Principles  of  Bricklaying ;  Arch  Drawing,  Cutting,  and  Setting, 
Pointing;  Paving,  Tiling,  Sic.    By  Adam  Hammond.    With  68  Woodcuts. 

Crown  8vo.,  cloth  ■(  /g 

"  The  young  bricklayer  will  find  it  infinitely  valuable  to  \ma." —Glasgow  Herald. 

ART  OF  PRACTICAL  BRICK=CUTTING  AND  SETTING. 

By  Adam  Hammond.    With  90  Engravings.    Crown  8vo,  cloth        .    1  /6 

BRICKWORK : 

Embodying  the  General  and  Higher  Principles  of  Bricklaying,  Cutting  and 
Setting;  with  the  Application  of  Geometry  to  Roof  Tiling,  &c.    By  F. 

Walker.    Crown  8vo,  cloth  1/6 

"  Contains  all  that  a  student  needs  to  learn  from  \>ooY%."— Building  News. 

BRICKS  AND  TILES, 

Rudimentary  Treatise  on  the  Manufacture  of.    Containing  an  Outline  of 
the  Principles  of  Brickmaking.    By  E.  Dobson,  M.R.LB.A.    Additions  by 
C.  ToMLiNSON,  F.R.S.    Illustrated.    Crown  8vo,  cloth       .       .       ,  3/0 
"  The  best  handbook  on  the  subject.  We  can  recommend  it  as  a  good  investment."  -Builder. 
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PRACTICAL  BRICK  AND  TILE  BOOK. 

Comprising:  Brick  and  Tile  Making,  by  E.  Dobson,  M.Inst.C.E. ;  Practical 
Bricklaying  by  A.  Hammond,  Brick-Cutting  and  Setting,  by  A.  Hammond. 
550  pp.,  with  270  Illustrations,  strongly  half-bound      ....  6/0 

PRACTICAL  MASONRY. 

A  Guide  to  the  Art  of  Stone  Cutting.    Comprising  the  Construction,  Setting- 
Out,  and  Working  of  Stairs,  Circular  Work,  Arches,  Niches,  Domes,  Penden- 
tives.  Vaults,  Tracery  Windows,  &c.  ;    to  which  are  added  Supplements 
relating  to  Masonry  Estimating  and  Quantity  Surveying,  and  to  Building 
Stones  and  Marbles,  and  a  Glossary  of  Terms.    For  the  Use  of  Students, 
Masons,  and  Craftsmen.     By  W.  R.  Purchase,  Building  Inspector  to  the 
Borough  of  Hove.     Fifth  Edition,  Enlarged.    Royal  8vo,  226  pp.,  with  52 
Plates,  comprising  over  400  Diagrams,  cloth    .....    Net  7/6 
"  The  book  Is  a  practical  treatise,       Most  of  the  examples  given  are  from  actual  work 
carried  out.    It  should  be  found  of  general  utility  to  architectural  students  and  others,  as  well  as  to 
those  to  whom  it  is  SDecially  addressed." — jfournal  o/the  Royal  Institute  0/ British  Architects, 

MASONRY  AND  STONECUTTINQ, 

The  Principles  of  Masonic  Projection,  and  their  Application  to  Construc- 
tion.   By  E.  Dobson,  M.R.I. B. A.    Crown  8vo,  cloth  .       .       .       .  2/6 

MODERN  LIGHTNING  CONDUCTORS. 

An  Illustrated  Supplement  to  the  Report  of  the  Lightning  Research  Com- 
mittee of  1905,  with  Notes  as  to  the  Methods  of  Protection,  and  Specifica- 
tions. By  KiLLiNGWORTH  HEDGES,  M.Inst.C.E.,  M.I.E.E.,  Honorary 
Secretary  to  the  Lightning  Research  Committee,  Author  of  "  American 
Street  Railways."    Medium  8vo,  cloth.  {Juit  Published.   Net  6/6 

"  The  illustrations  are  very  interesting"  and  give  one  a  clear  idea  of  what  is  likely  to  happen 
when  a  building  is  struck  by  liglitning.  Mr.  Hedges'  suggestions  of  possible  reasons  why  certain 
protected  buildings  were  struck  are  instructive.  He  also  explains  the  modern  methods  of  fitting 
buildings  with  lightning  conductors.  To  the  ordinary  reader  the  book  will  be  of  interest,  and  to 
anyone  who  lias  to  design  a  system  for  protecting  a  building  from  lightning  strokes  it  will  be 
helpluV—SuMer. 

"The  damage  done  by  lightning  to  various  buildings  throughout  the  country  is  shown. by 
sketches  and  photograplis  which  make  the  path  of  the  lightning  clear.  In  the  book  will  be  found 
the  suggestions  and  rules  of  tlie  Research  Connnittee,  which  were  drawn  up  after  a  consideration 
of  the  reports  on  a  large  number  of  lightning  strokes.  These  are  commented  on  by  the  author, 
who  gives  also  some  specifications  which  will  guide  surveyors  and  architects  in  the  right 
direction.  .  .  .  The  information  given  in  the  volume  is  mos  v3.\ua.b\e."~£lectrical  JEji^i^ijieer. 

MODERN   PLUMBING,   STEAM   AND   HOT  WATER 

MEATINQ. 

A  Work  for  the  Plumber,  the  Heating  Engineer,  the  Architect,  and  the  Builder. 
By  J.  J.  Lawler.    With  284  Illustrations.    4to,  cloth      .      .    Net  21/- 

PLUMBING  : 

A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  With 
Chapters  upon  House  Drainage  and  Ventilation.  By  Wm.  Paton  Buchan. 
Ninth  Edition,  with  512  Illustrations.    Crown  bvo,  cloth      .      .      .  3/6 

"  A  text-book  which  may  be  safely  put  into  the  hands  of  every  young  plumber,  and  whicli 
will  ;il.;o  be  found  useful  by  architects  ancf  medical  professors." — Builder. 

HEATING  BY  HOT  WATER, 

VENTILATION  AND  HOT  WATER  SUPPLY. 

By  Walter  Jones,  M.I.M.E.    360  pages,  with  140  Illustrations.  Medium 


8vo,  cloth  Net  6/0 

THE  PRACTICAL  PLASTERER: 

A  Coinpendium  of  Plain  and  Ornamental  Plaster  Work.  By  W.  Kemp. 
Crown  8vo,  cloth  2/0 


CONCRETE:  ITS  NATURE  AND  USES. 

A  Book  for  Architects,  Builders,  Contractors,  and  Clerks  of  Works.  By 
G.  L.  SuTCLiFFE,  A.R.I.B.A.  Second  Edition,  Revised  and  Enlarged.  396 
pp.,  with  Illustrations.    Crown  8vo,  cloth.  [Just  Publislied.    Net  9/0 

"  The  manual  fills  a  long-felt  gap.  It  Is  careful  and  exhaustive  ;  equally  useful  as  a  studeLt's 
gruide  and  an  architect's  book  of  reference."— yo«>«a^  0/  the  Royal  Institute  0/ British  Architecu. 
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PORTLAND  CEMENT  FOR  USERS. 

By  the  late  Henry  Faija,  M.Inst.C.E.     Fifth  Edition.     Revised  and 
Enlarged  by  D.  B.  Butler,  A. M.Inst.C.E.    Crown  8vo,  cloth  .       .  3/0 
"  Supplies  in  a  small  compass  all  that  is  necessary  to  bo  known  by  users  of  cement." — 
Buildin,:;  News. 

LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  &c. 

By  G.  R.  BuRNELL,  C.E.    Fifteenth  Edition.    Crown  8vo,  cloth       .  1/6 

MEASURING  AND  VALUING  ARTIFICERS'  WORK 

(The  Student's  Guide  to  the  Practice  of).  Containing  Directions  for  taking 
Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with 
Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 
and  Solidities.  Originally  edited  by  E.  Dobson,  Architect.  With  Additions 
by  E.  W.  Tarn,  M.A.  Seventh  Edition,  Revised.  Crown  8vo,  cloth.  7/6 
"The  most  complete  treatise  on  the  principles  of  measuring  and  valuing  artificers' work," 
—Building  News. 

QUANTITIES  AND  MEASUREMENTS, 

In  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Paperhangers', 
Gilders',  Smiths',  Carpenters'  and  Joiners'  Work.     By  A.  C.  Beaton, 

Surveyor.    Crown  8vo,  cloth  1/6 

"  This  book  is  indispensable  to  builders  and  their  quantity  clerks." — English  Mechanic. 

TECHNICAL  GUIDE,  MEASURER,  AND  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Measuring 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads, 
and  Drains,  and  an  Easy  Method  of  Estimating  the  parts  of  a  Building 
collectively.  By  A,  C.  Beaton,  Tenth  Edition.  Waistcoat-pocket  size.  1  /6 
"  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  '  Beaton.'  "—Building  News. 

COMPLETE  MEASURER; 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber,  and  Stone.  By 
R.  HoRTON.    Sixth  Edition.    Crown  Bvo,  cloth  4/0 

THE  HOUSE-OWNER'S  ESTIMATOR. 

Or,  What  will  it  Cost  to  Build,  Alter,  or  Repair?  A  Price  Book  for  Un- 
professional People  as  well  as  the  Architectural  Surveyor  and  Builder.  By 
J,  D.  Simon.     Edited  by  F.  T.  W.  Miller,  A.R.LB.A.     Fifth  Edition. 

Carefully  Revised.    Crown  8vo,  cloth  JVei  3/6 

*'  In  two  years  it  will  repay  its  cost  a  hundred  times  over." — Field. 

HANDBOOK  OF  HOUSE  PROPERTY. 

A  Popular  and  Practical  Guide  to  the  Purchase,  Tenancy,  and  Com- 
pulsory Sale  of  Houses  and  Land,  including  Dilapidations  and  Fixtures  : 
with  Examples  of  all  kinds  of  Valuations,  Information  on  Building  and  on  the 
right  use  of  Decorative  Art.  By  E.  L.  Tahbuck,  Architect  and  Surveyor. 
Seventh  Edition.    lamo,  cloth         ........  6/0 


"  The  advice  is  thoroughly  practical."— Aaa/  jfo 
"  For  all  who  have  dealings  with  house  property,  this  is  an  Indispensable  guide." — Decoration. 
"  Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  Fine  Art. 
A  well-written  and  thoughtful  work." — Land  Agents'  Record. 

ARCHITECTURAL  PERSPECTIVE. 

The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  Large 
House  in  Linear  Perspective.    Illustrated  by  43  Folding  Plates.    By  F.  O. 

Ferguson.    Third  Edition.    8vo,  boards  3/6 

"  It  is  the  most  intelligible  of  the  treatises  on  this  ill-treated  subject  that  I  have  met  with."— 
E.  INGRESS  Bhll,  Esq.,  inthe -R./.B.y^.  Journal. 

PERSPECTIVE  FOR  BEGINNERS 

For  Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  G.  Pvne. 
Crown  8vo,  cloth   2/0 

PRACTICAL  RULES  ON  DRAWING. 

For  the  Builder  and  Young  Student  in  Architecture.   By  G  Pynb.  410  7/6 


ARCHITECTURE,  BUILDING,  &'C. 
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THE  MECHANICS  OP  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects. 
By  E.  W.  Tarn,  M.A.,  Author  of  "  The  Science  of  Building,"  &c.  Second 
Edition,  Enlarged.    Illustrated  with  125  Diagrams.    Crown  8vo,  cloth  7/6 
"The  book  Is  a  very  useful  and  helpful  manual  of  architectural  mechanics."— Builder. 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE. 

Being  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickks,  Architect,  Author  of 
"The  Spires  and  Towers  of  England,"  &c.  61  Plates,  4to,  half-morocco,  gilt 
edges  £1  11s.  6d. 

DECORATIVE  PART  OF  CIVIL  ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A. 
Revised  and  Edited  by  W.  H.  Leeds.    66  Plates,  4to,  cloth      .      .    2 I/O 

HINTS  TO  YOUNG  ARCHITECTS. 

By  George  Wightwick,  Architect,  Author  of  "The  Palace  of  Architec- 
ture," &c.,  &c.    Sixth  Edition,  revised  and  enlarged  by  G.  Huskisson 

GuiLLAUME,  Architect.    Crown  8vo,  cloth  3/6 

"  Ought  to  be  considered  as  necessary  a  purchase  as  a  box  of  instruments."— ^ri;/wV«<3*. 

THE  ARCHITECT'S  GUIDE. 

Being  a  Text-book  of  Useful  Information  for  Architects,  Engineers,  Surveyors, 
Contractors,  Clerks  of  Works,  &c.    By  F.  Rogers.    Crown  8vo.     .  3/6 

ARCHITECTURE— ORDERS. 

The  Orders  and  their  Esthetic  Principles.  By  W.  H.  Leeds.  Cr.  8vo.  1  /6 

ARCHITECTURE— STYLES. 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries,  from  the  Earliest  to  the  Present  Period.    By  T.  Talbot  Bury, 

F.R.LB.A.,  &c.    Illustrated.    Crown  8vo,  cloth  2/0 

"Orders  and  Styles  of  Architecture,"  tn  Oh£  l/o/.    .      .      ,  3/6 

ARCHITECTURE-DESIGN. 

The  Principles  of  Design  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.    By  Edw. 

L.  Garbett,  Architect.    Crown  Svo,  cloth   2/6 

"We  know  no  work  that  we  would  sooner  recommend  to  an  attentive  reader  desirous  10 
obtain  clear  views  of  the  nature  of  architectural  art.    The  book  is  a  valuable  one."— Builder. 
***   The  three  preceding  Works  in  One  handsome   Vol.,  half-bound,  entitled 
"Modern  ARCHiTECTURi',"  price  QIQ. 

ARCHITECTURAL  MODELLING  IN  PAPER, 

The  Art  of.  By  T.  A.  Richardson.  Crown  Svo,  cloth  .  .  .1/6 
"  A  valuable  aid  to  the  practice  of  architectural  modelling."— Btiilder's  U'eekly  Reporter. 

VITRUVIUS.— THE     ARCHITECTURE     OF  MARCUS 

VITRUVIUS  POLLIO. 

In  Ten  Books.    Translated  from  the  Latin  by  J.  Gwilt.    With  23  Plates. 

Crown  Svo,  cloth  5/0 

N.B.—This  is  the  only  Edition  of  Vitruvius  procurable  at  a  moderate  price. 

GRECIAN  ARCHITECTURE, 

An  Inquiry  into  the  Principles  of  Beauty  in  ;  with  an  Historical  View  of  the 
Rise  and  Progress  of  the  Art  in  Greece.    By  the  Earl  of  Aberdeen    1  IQ 
***  The  two  preceding  Works  in  One  handsome  Volume,  half-bound,  entitled 
"Ancient  Architecture,"  price  6/0- 

ACOUSTICS  OF  PUBLIC  BUILDINGS: 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings  By 
Professor  T.  Roger  Smith,  F.R.I.B.A.  New  Edition  revised.  With 
numerous  Illustrations.   Crown  Svo,  cloth  1/6 

LIGHT: 

An  introduction  to  the  Science  of  Optics.  Designed  for  the  Use  of  Students 
of  Architecture,  Engineering,  and  other  Applied  Sciences,  By  E,  W,  Tarn, 
■M.A.   Crown  Svo,  cloth   1/6 
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SANITATION  AND  WATER  SUPPLY. 


THE  HEALTH  OFFICER'5  POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.  For  Medical  OflScers  of  Health, 
Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  &c.  By  Edward 
F.  WiLLOUGHBY,  M.D.  (Lond.),  &c.    Second  Edition,  Revised  and  Enlarged. 

Fcap.  8 vo,  leather  iV^f  10/6 

••  A  mine  of  condensed  information  of  a  pertinent  and  useful  kind.  The  various  subjects 
of  which  it  treats  being  succinctly  but  fully  and  scientifically  dealt  with."—  The  Lancet. 

"  We  recommend  a'l  those  engaged  in  practical  sanitary  work  to  furnish  themselves  with  a 
copy  for  reference."— 5o«rtoo'  Journal. 

THE  WATER  5UPPLY  OF  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER-WORKS. 

By  Professor  W.  K.  Burton,  A.M. Inst.C.E.  Second  Edition,  Revised 
and  Extended.    Royal  8vo,  cloth.    (See  page  i2.)  ....    £1  Ss. 

THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS. 

By  William  Humber,  A.M.Inst.C.E.,  and  M.Inst.M.E  Imp.  410,  half- 
bound  morocco.    (See  page  12.)  iV^e^  £6  OS. 

WATER  AND  ITS  PURIFICATION. 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  Officers,  and  others 
interested  in  Water  Supply.  By  S.  Rideal,  D.Sc.  Lond.,  F.I.C.  Second 
Edition,  Revised,  with  Additions,  including  numerous  Illustrations  and  J-ables. 
Large  Crown  8vo,  cloth  9/0 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works  for  Small  Country  Districts.  By  Allan  Grkenwell,  A.M. I.C.Em 
andW.  T.  Curry,  A.M.I.C.E.    Revised  Edition.    Crown  8vo,  cloth  5/0 

WATER  ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa. 
tion  of  Water  for  the  Supply  of  Towns.    By  C.  Slagg,  A.M.Inst.C.E.  7/6 

THE  PURIFICATION  OF  SEWAGE. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sewage  Purification,  and 
their  Practical  Application.  By  Sidney  Barwise,  M.D.  (Lond.),  B^c., 
M  R  C  S  ,  D  P.H.  (Camb.),  Fellow  of  the  Sanitary  Institute,  Medical  Officer 
of  Health  to  the  Derbyshire  County  Council.  Second  Edition,  Revised  and 
Enlarged,  with  an  Appendix  on  the  Analysis  of  Sewage  and  Sewage  Effluents. 
With  numerous  Illustrations  and  Diagrams.    Demy  8vo,  cloth.      ISet  10/6 

SUMMARY  OV  CONTENTS:  — SEWAGE  :  ITS  NATURE  AND  COMPOSITION.  —  THE 
CHEMISIW  OF  SEWAGE.-VARIETIES  OF  SEWAGE  AND  THE  CHANGES  IT  UNDERGOES  -- 
rVveR  POLLUTION  AND  ITS  EFFECTS.-THE  LAND  TREATMENT  OF  SEWAGE  -PRECIPI- 
?lTfoN    l^EcIrriANT^^  TANKS.-THE  LIQUEFACTION  OF  SEWAGE.-PRINCIPLES 

INVOLVED  IN  THE  OXIDATION  OF  SEWAGE.-ARTIFICIAL  PROCESSES  OF  PURIFICATION  - 
A^UTOMATIC  DISTRIBUTORS  AND  SPECIAL  FILTERS.-PARTICULARS  OF  SEWERAGE  AND 
SEWAGE  DISPOSAL  SCHEMES  REQUIRED  BY  LOCAL  GOVERNMENT  BOARD - 
V,K-XK-At*mdix-  THE  APPARATUS  REQUIRED  FOR  SEWAGE  ANALYSIS.-ST  ANDARD 
SOLUTIONS  USED  IN  THE  METHOD  OF  SEWAGE  ANALYSlS.-raWw  :  LSTIMATTON  OF 
AMMONIA.-Nn-ROGEN  AS  NiTRATES.-INCUBATOR  TEST,  OXYGEN  ABSORBHD.-TO 
CONVERT  GRAINS  PER  GALLON  TO  PARTS  PER  100,000. 

"The  book  will  be  of  use  to  those  who  are  responsible  for  directing  and  advising  on  the 
tientnient  of  sewage.  The  information  furnished,  as  a  whole,  is  reasonably  accurate  and  up-to-date. 
—Nature. 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 

By  Charles  Slagg,  A.M.Inst.C.E.  Third  Edition,  Enlarged.  Crown 
8vo,  cloth  ^  •  3'P 

"This  is  averj.  useful  book.  There  is  a  great  deal  of  work  required  to  be  done  in  the 
smaller  towns  and  villages,  and  this  little  volume  will  help  those  who  are  willing  to  do  it.  -builder . 

VENTILATION: 

A  Text-Book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
BucHAN.    With  170  illustrations.    Crown  8vo,  cloth    ....  3/0 
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PRACTICAL  FORESTRY. 

And  its  Bearing  on  the  Improvement  of  Estates.  By  Charles  E.  Curtis, 
F.S.I. ,  Professor  of  Forestry,  Field  Engineering,  and  General  Estate 
Management,  at  the  College  of  Agriculture,  Downton.  Second  Edition, 
Revised.    Crown  8vo,  cloth  3/6 

PREFATORY    REMARKS.  —  OBJECTS   OF   PLANTING.  —  CHOICE  OF  A  FORESTER.  — 

choice  of  soil  and  site.— laying  out  of  land  for  plantations.— preparation 
of  the  ground  for  planting. —drainage.— planting.— distances  and  distri- 
bution of  trees  in  plantations.— trees  and  ground  game.— attention  after 
planting.— thinning  of  plantations  —  pruning  of  forest  trees.— realization. 
—Methods  of  Sale.— Measurement  of  Timber.— Measurement  and  Valuation 
OF  LARCH  Plantation.— Fire  Lines.— Cost  of  Planting. 

"  Mr.  Curtis  has  in  the  course  of  a  series  of  short  pithy  chapters  afforded  much  informa- 
tion of  a  useful  and  practical  character  on  the  planting  and  subsequent  treatment  of  trees."— 
Illustrated  Carpenter  and  Builder. 

WOODWORKING  MACHINERY. 

Its  Rise,  Progress,  and  Construction.  With  Hints  on  the  Management  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American  Engineers.  By 
M.  Powis  Bale,  M.Inst.C.E.,  M.I.Mech.E.  Second  Edition,  Revised, 
with  large  Additions,  large  crown  8vo,  440  pp.,  cloth  ....  9/0 
"  Mr  Bale  Is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  Information 
that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber."— vif-cAiVnt.'. 

"The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.  The 
author  is  a  thorough  master  of  his  subject."— S««7rfi«£-iV<wj. 

SAW  MILLS. 

Their  Arrangement  and  Management,  and  the  Economical  Conversion  of 
Timber.     By  M.  Powis  Bale,  M.Inst.C.E  ,  M.I.Mech.E.    Third  Edition, 

Revised.    Crown  8vo,  cloth  10/6 

"  The  administration  of  a  large  sawing  establishment  Is  discussed,  and  the  subject  examined 
from  a  financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  of  saw  mills  and  the  like 
are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  deuvery  m  its 
converted  state.    We  could  not  desire  a  more  complete  or  practical  treatise."— S«t/<fer. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance 
of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting 
Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature 
and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinds  of  Wood  used 
in  Building ;  also  numerous  Tables  of  the  Scantlings  of  Tim.ber  for  different 
purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tredgold,  C.  E. 
With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illus- 
trated.   Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 

E.  Wyndham  Tarn,  M.A.,  Author  of  "  The  Science  of  Building,"  &c. 
With  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In  One  large 
Vol.,  4to,  cloth  £1  5s. 

"  Ought  to  be  in  every  architect's  and  every  builder's  X'Cot^xy."— Builder. 

"A  work  whose  monumental  excellence  must  coirunend  it  wherever  skilful  carpentry  is 
concerned.  The  author's  principles  are  rather  confirmed  than  Impaired  by  time.  The  additional 
plates  are  of  great  intrinsic  value."— Building-  News. 

THE  CARPENTER'S  QUIDE. 

Or,  Book  of  Lines  for  Carpenters  ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Peter 
Nicholson's  standard  work.    A  New  Edition,  Revised  by  Arthur  Ashpitel, 

F.  S.A.  Together  with  Practical  Rules  on  Drawing,  by  George  Pyne. 
With  74  Plates,  4to,  cloth  £1  1  9. 

CARPENTRY  AND  JOINERY— 

The  Elementary  Principles  of  Carpentry.     Chiefly  composed  from  the 
Standard  Work  of  T.  Tredgold.     With  Additions  and  a  Treatisef  on 
Joinery  by  E.  W.  Tarn,  M.A.  •  Eighth  Edition.  •  Crown  8vo,  cloth  3/6 
Atlas  of  35  Plates  to  accompany  and  illustrate  the  foregoing  book. 

With  Descriptive  Letterpress.    4to  6/0 

"  These  two  volumes  form  a  complete  treasury  of  carpentry  and  joinery  and  should  be  111 
the  hands  of  every  carpenter  and  joiner  in  the  Umpire."— Iron. 
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ROOF  CARPENTRY: 

Practical  Lessons  in  the  Framing  of  Wood  Roofs.  For  the  use  of  Working 
Carpenters.   By  Geo.  Coi-lings.    Crown  8vo,  cloth  ....  2/0 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  Collings.  Fourth  Edition.  Crown  8vo,  cloth  .  .  2/6 
"  Clieap  in  price,  clear  in  definition,  and  practical  in  the  examples  selected,"— BtaMer. 

HANDRAILINQ  COMPLETE  IN  EIGHT  LESSONS. 

On  the  Square-Cut  System.  By  J.  S.  Goldthorp,  Teacher  of  Geometry 
and  Building  Construction  at  the  Halifax  Mechanics'  Institute.  With  Eight 
Plates  and  over  150  Practical  Exercises.  410,  cloth  ....  3/6 
"  Likely  to  be  of  considerable  value  to  joiners  and  others  who  take  a  pride  in  good  work. 

The  arrangement  of  the  book  is  excellent.   We  heartily  commend  It  to  teachers  and  students."— 

Timber  Trades  youmal. 

PRACTICAL  TREATISE  ON  HANDRAILINQ: 

Showing  New  and  Simple  Methods.  By  Geo.  Coi-lings.  Third  Edition, 
including  a  Treatise  on  Stairbuilding.  Crown  8vo,  cloth  .  .  ,  2/6 
"  Of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery." — Builder. 

THE    CABINET-MAKER'5  GUIDE   TO  THE  ENTIRE 

CONSTRUCTION  OF  CABINET  WORK. 

By  Richard  Bitmeau.  Illustrated  with  Plans,  Sections  and  Working 
Drawings.    Crown  8vo,  cloth  2/6 

THE  JOINTS  MADE  AND  USED  BY  BUILDERS. 

By  W.  J.  Christy.  With  160  Woodcuts.  Crown  8vo,  cloth  .  .  3/0 
"  The  work  is  deserving  of  high  commendation."— i>;«7a'cr. 

TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S,  AND 

BUILDER'5  STANDARD  GUIDE. 

By  R.  E.  Grandy.    Crown  8vo,  cloth  2/0 

"  Everything  it  pretends  to  be  :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and 
throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cisterns,  &c." — English 
Mechanic. 

TIMBER  MERCHANT'S  and  BUILDER'S  COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measure 
ment  of  Deals  and  Battens,  of  all  sizes,  and  other  Useful  Tables  for  the  use  of 
Timber  Merchants  and  Builders.     By  William  Dowsing.     Fifth  Edition, 

Revised  and  Corrected.    Crown  8vo,  cloth  3/0 

"We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and 
simplicity  of  arrangement  leave  nothing  to  be  desired." — Timber  Trades  Jcmrnal. 

THE  PRACTICAL  TIMBER  MERCHANT. 

Being  a  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  v/ith  the  Timber  Trade, 
Marks  of  Wood,  Essay  on  the  Strength  of  Timber,  Remaiks  on  the  Growth  of 
Timber,  &c.  By  W.  Richardson.  Second  Edition.  Fcap.  Svo,  cloth  .  3/6 
"This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchants, 

builders,  foresters,  and  all  others  connected  with  the  growth,  sale,  and  manufacture  of  timber."— 

yournal  of  Forestry. 

PACKING-CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing-Cases,  from  six 
inches  square  and  upwards.  By  W.  Richardson,  Timber  Broker.  Fourth 
Edition.    Oblong  410,  cloth  3/6 

"  Invaluable  labour-saving  \.3\Jies."— Ironmonger. 

"Will  save  much  labour  and  calculation." — Grocer. 

GUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  i  tolaoo  inches  in  length,  by  i  to  108  inches  in  breadth. 
For  the  use  of  Architects,  Surveyors,  Engineers,  Timber  Merchants, 
Builders,  &c.    By  J.  Hawkings.    Fifth  Edition.   Crown  8vo,  cloth  .  3/6 
"  These  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations 
of  superficial  measurement."— Mechanic. 
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DECORATIVE  ARTS,  ETC. 


SCHOOL   OF   PAINTING    FOR   THE    IMITATION  OF 

WOODS  AND  MARBLES. 

As  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P.  Van  der  Burg, 
Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio,  i8J  by  izj  in., 
Illustrated  with  24  full-size  Coloured  Plates  ;  also  12  plain  Plates,  comprising 
154  Figures.    Fourth  Edition,  cloth  iWif  £1  5s. 

List  of  Plates. 

i.  various  tooi-s  requirbd  for  wood  painting.— s,  3.  walnut:  preliminary 
Stages  or  graining  and  Finished  Specimen.  —  4.  Tools  used  for  Marble 
Painting  and  Method  of  Manipulation.— 5,  6.  St.  Remi  marble;  Earlier 
Operations  and  finished  Specimen.  —  7.  Methods  of  Sketching  Different 
Grains,  Knots,  &c.— 8,  9.  Ash:  preliminary  Stages  and  Finished  Speci- 
men. — 10.  Methods  of  Sketching  Marble  Grains.  —  n,  12.  breche  Marbles 
Preliminary  Stages  of  Working  and  Finished  Specimen.— 13.  Maple  ;  Method. 
OF  producing  the  Different  Grains.— 14,  15.  Bird's-Eye  Maple;  Preliminary 
Stages  and  Finished  Specimf.n.— 16.  methods  of  Sketching  the  Different 
Species  of  White  marble.— 17,  18.  white  Marble  ;  Preliminary  Stages  of 
Process  and  Finished  Specimen —19.  Mahogany:  Specimens  of  Various  Grains 

AND  methods  of  MANIPULATION.  —20,  21.  MAHOGANY  ;  EARLIER  STAGES  AND 
FINISHED  SPECIMEN.— 22,  23,  24  SlENNA  MARBLE ;  VARIETIES  OF  GRAIN,  PRELIMINARY 
STAGES  AND  FINISHED  SPECIMEN —25,  26,  27.  JUNIPER  WOOD;  METHODS  OF  PRO- 
DUCING GRAIN,  &c.  ;  PRELIMIN.A.RY  STAGES  AND  FINISHED  SPECIMEN.— 28,  29,  30.  VERT 
DE  MER  MARBLE;  VARIETIES  OF  GRAIN  AND  METHODS  OF  WORKING,  UNFINISHED 
AND  FINISHED  SPECIMENS.— 31,  32,  3.3.  OAK  ;  VARIETIES  OF  GRAIN,  TOOLS  EMPLOYED 
AND  METHODS  OF  M.4.NIPULATION,  PRELIMINARY  STAGES  AND  FINISHED  SPECIMEN.— 
34.  35,  36.  WAULSORT  MARBLE;  VARIETIES  OF  GRAIN,  UNFINISHED  AND  FINISHED 
SPECIMENS. 

"Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantage 
in  consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Ciubs  should  give  their  young  men 
the  opportunity  to  study  it." — Buiider. 

"  A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation 
and  management  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to 
the  student  who  aims  at  making  his  work  a  faithful  transcript  of  nature."— S««Vift«^  News. 

"  Students  and  novices  are  fortunate  who  are  able  to  become  the  possessors  of  so  noble  a 
work." — The  Architect, 

HOUSE    PAINTING,    GRAINING,    MARBLING,  AND 
SIGN  WRITING: 

With  a  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful  Receipts. 
By  E.  A.  Davidson.  Ninth  Edition.  Coloured  Plates.  Cr.  8vo,  cloth  .  5/0 
*^5*  The  above,  in  cloth  boards,  strongly  bound,  6/0- 
"  A  mass  of  information  of  use  to  the  amateur  and  of  value  to  tlie  practical  man."— £u£l!sh 
Mechanic. 

ELEMENTARY  DECORATION: 

As  Applied  to  Dwelling-Houses,  &c.   ByJ.W.  Facey.  Cr.  8vo,  cloth  2/0 

"The  principles  which  ought  to  guide  the  decoration  of  dwelling-houses  are  clearly  set 
forth,  and  elucidated  by  examples ;  while  full  instructions  are  given  to  the  learner." — Scotsman. 

PRACTICAL  H0U5E  DECORATION. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  arrangement  of  Colours  in 
Apartments,  and  the  Principles  of  Decorative  Design.    By  James  W. 

Facey.    Crown  8vo,  cloth  2 '6 

*  *  The  last  two  works  in  One  handsome  Vol.,  half-bound,  entitled  "House 
Decoration,  Elementary  and  Practical,"  price  5/0- 

ORNAMENTAL  ALPHABETS,  ANCIENT  &  MEDI/EVAL. 

From  the  Eighth  Century,  with  Numerals ;  including  Gothic,  Church-Text 
large  and  small,  German,  Italian,  Arabesque,  Initials  for  Illumination 
Monograms,  Crosses,  &c.,  for  the  use  of  Architectural  and  Engineering 
Draughtsmen,  Missal  Painters,  Masons,  Decorative  Painters,  Lithographers, 
Engravers,  Carvers,  &c.,  &c.  Collected  and  Engraved  by  F.  Delamotte, 
and  printed  in  Colours.     New  and  Cheaper  Edition.     Royal  8vo,  oblong, 

ornamental  boards  2/6 

**  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends 

over  shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be 

useful." — A  thenaum . 
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MODERN  ALPHABETS,  PLAIN  AND  ORNAMENTAL. 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque  ; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours. 
New  and  Cheaper  Edition.  Roval  8vo,  oblong,  ornamental  boards  .  2/6 
"  There  is  comprised  in  It  every  possible  shape  into  which  the  letters  of  the  alphabet  and 

numerals  can  be  formed,  and  the  talent  which  has  Deen  expended  in  the  conception  of  the  various 

plain  and  ornamental  letters  is  wonderful." — Standard. 


MEDI/EVAL   ALPHABETS    AND  INITIALS. 

By  F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated  Title,  printed 
in  Gold  and  Colours.    With  an  Introduction  by  J.  Willis  Brooks.  Fifth 

Edition.    Small  4to,  ornamental  boards  JVei  S/O 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  In  gliding  and  all  the 
colours  of  the  prism  interwoven  and  intertwined  and  intermingled."— 


A  PRIMER  OF  THE  ART  OF  ILLUMINATION. 

For  the  Use  of  Beginners ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  Illuminated  MSS., 
printed  in  Gold  and  Colours.    By  F.  Delamotte.    New  and  Cheaper 

Edition.    Small  410,  ornamental  boards  .  6/0 

"  The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense, 

the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge  as 

well  as  taste."— A thenaum. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN. 

Containing  Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders, 
Ecclesiastical  Devices,  Medissval  and  Modern  Alphabets,  and  National 
Emblems.    Collected  by  F.  Delamotte  and  printed  in  Colours.  Oblong 

royal  8vo,  ornamental  wrapper  JVei  2/0 

"  The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with 
the  art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  work." — East  Ang^lian  Times. 

MARBLE  DECORATION 

And  the  Terminology  of  British  and  Foreign  Marbles.    A  Handbook  for 
Students.    By  George  H.  Blagrove,  Author  of  "  Shoring  and  its  Applica- 
tion," &c.    With  28  Illustrations.    Crown  8vo,  cloth      ,       .      .       ,  3/6 
"  This  most  useful  and  much  wanted  handbook  should  be  iu  the  bands  of  every  architect  and 
builder."— £K«Virt«f  World. 

"A  carefully  and  usefully  written  treatise  ;  the  work  is  essentially  jiractical. ' — Scotsman. 

THE  DECORATOR'S  ASSISTANT. 

A  Modern  Guide  for  Decorative  Artists  and  Amateurs,  Painters,  Writers, 
Gilders,  &c.  Containing  upwards  of  600  Receipts,  Rules,  and  Instructions  ; 
with  a  variety  of  Information  for  General  Work  connected  with  every  Class  of 
Interior  and  Exterior  Decorations,  &c.  Eighth  Edition.  Cr.  8vo  .  1  /O 
"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.    The  book  contains  the  gist  of 

larger  treatises  on  colour  and  technical  processes.    It  would  be  difhcult  to  meet  with  a  work  so  full 

of  varied  information  on  the  painter's  art." — Building  News. 

GRAMMAR  OF  COLOURING. 

Applied  to  Decorative  Painting  and  the  Arts.    By  G.  Field,    New  Edition, 
enlarged  by  E.  A.  Davidson.  With  Coloured  Plates.  Crown  8vo,  cloth  3/0 
"  The  book  is  the  most  useful  resume  oi  the  properties  of  pigments." — Builder. 

ART  OF  LETTER  PAINTING  MADE  EASY. 

By  J.  G.  Badenoch.  With  12  full-page  Engravings  of  Examples.  Cr.  8vo  1  /6 
'*  Any  intelligent  lad  wlio  fails  to  turn  out  decent  work  after  studying  this  system  has 
mistaken  Ins  vocation." — H?t<;lish  Mechanic. 
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PAINTING  POPULARLY  EXPLAINED. 

By  Thomas  John  Gullick,  Painter,  and  John  Timbs,  F.S.A.  Including 
Fresco,  Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic, 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  Sixth 

Edition.    Crown  8vo,  cloth  5/0 

*i*  Adopted  as  a  Prize  Book  at  South  Kensington. 
"  Much  may  be  learned,  even  by  tliose  who  fancy  they  do  not  require  to  be  taught,  from  the 
careful  perusal  of  this  unpretending  but  comprehensive  treatise." — Art  Journal. 

GLASS  STAINING,  AND  PAINTING  ON  GLASS. 

From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  Fromberg.  With 
an  Appendix  on  The  Art  of  Enamelling.    Crown  8vo,  cloth     .       .  2/6 

WOOD-CARVINQ  FOR  AMATEURS. 

With  Hints  on  Design.    By  A  Lady.    With  10  Plates.    New  and  Cheaper 

Edition.    Crown  8vo,  in  emblematic  wrapper  2/0 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from  '  A 
Lady's'  publication.  "—^4 


NATURAL  SCIENCE,  ETC. 


THE  VISIBLE  UNIVERSE. 

Chapters  on  the  Origin  and  Construction  of  the  Heavens.  By  J.  E.  Gore, 
F.R.A.S.,  Author  of  "  Star  Groups,"  &c.  Illustrated  by  6  Stellar  Photographs 
and  12  Plates.    Demy  8vo,  cloth  1  6/0 

STAR  GROUPS. 

A  Student's  Guide  to  the  Constellations.  By  J.  Ellard  Gore,  F.R.A.S., 
M.R.I. A.,  &c.,  Author  of  "The  Visible  Universe,"  "The  Scenery  of  the 
Heavens,"  &c.    With  30  Maps.    Small  410,  cloth  5/0 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  Astronomy.  With  Tables  of  Data  and  Lists 
of  Remarkable  and  Interesting  Celestial  Objects.  By  J.  Ellard  Gore, 
F.R.A.S.,  Author  of  "  The  Visible  Universe,"  &c.    Small  crown  8vo,  cloth. 

2/6 

ASTRONOMY. 

By  the  late  Rev.  R.  Main,  M.A.,  F.RS.     Third  Edition,  revised  by 
William  Thynne  Lynn,  B.A.,F.R.A.S.    Crown  8vo,  cloth       .      .  2/0 
"A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  beginners."— 
KficnvUdge. 

THE  MICROSCOPE. 

Its  Construction  and  Management.  Including  Technique,  Photo-nucrography, 
and  the  Past  and  Future  of  the  Microscope.  By  Dr.  Henri  van  Heurck. 
Re-Edited  and  Augmented  from  the  Fourth  French  Edition,  and  Translated 
by  WvNNB  E.  Baxter,  F.G.S.    Imp.  8vo,  cloth     ....    1 8/0 

MANUAL  OF  THE  MOLLUSCA  : 

A  Treatise  on  Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S. 
With  Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numerous  Plates 
and  300  Woodcuts.    Crown  Bvo,  cloth  7/8 

"  A  storehouse  of  concliological  and  geological  information."— //aJ-^fJf/te'i-  Science  Gossip. 

THE  TWIN  RECORDS  OF  CREATION. 

Or,  Geology  and  Genesis,  their  Perfect  Harmony  and  Wonderful  Concord. 
By  G.  W.  V.  LE  Vaux.    Bvo,  cloth   5/0 

LARDNER'S  HANDBOOKS  OF  SCIENCE. 
HANDBOOK  OF  MECHANICS. 

Enlarged  and  re-written  by  B.  Loewv,  F.R.A.S.   Post  8vo,  cloth    .  6/0 

HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 

Revised  and  Enlarged  by  B.  Loewy,  F.R.A.S.    Post  8vo,  cloth       .  6/0 

HANDBOOK  OP  HEAT. 

Edited  and  re-written  by  B.  Loewy,  F.R.A.S.    Post  Svo,  cloth        .  6/0 
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LARDNER'S  HANDBOOKS  OF  SCIENCE— continued. 
HANDBOOK  OF  OPTICS. 

New  Edition.   Edited  by  T.  Olver  Harding,  B.  A.   Small  8vo,  cloth  S/0 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

Edited  by  Geo.  C.  Foster,  B.A.    Small  8vo,  cloth  ....  5/0 

HANDBOOK  OF  ASTRONOMY. 

Revised  and  Edited  by  Edwin  DuNKiN,  F.R.A.S.    8vo,  cloth  .      .  9/6 

MUSEUM  OF  SCIENCE  AND  ART. 

With  upwards  of  1,200  Engravings.  In  Six  Double  Volumes,  £1  1  s.  Cloth, 
or  half-morocco  £1  11b.  6d. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS  .  .  3/6 
ANIMAL  PHYSIOLOGY  FOR  SCHOOLS  .  .  3/6 
THE  ELECTRIC  TELEGRAPH. 

Revised  by  E.  B.  Bright,  F.R.A.S.    Fcap.  Bvo,  cloth      .      .      .  2/6 


CHEMICAL  MANUFACTURES, 
CHEMISTRY,  ETC. 


THE  OIL  FIELDS  OF  RUSSIA  AND  THE  RUSSIAN 

PETROLEUM  INDUSTRY, 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.LM.E.,  late  Chief  Engineer  and  Manager  of  the 
European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp.,  with 
numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the  Baiakhany- 
Saboontchy-Romany  Oil  Field.  Super-royal  8vo,  cloth  .  .  A''e(  £3  3s. 
"  A  careful  and  comprehensive  study  of  the  conditions  of  the  inciustry.    The  v.  ork  is  very 

vahiable,  and  sliould  undoubtedly  be  the  standard  authority  on  Baku  for  some  time  to  come." — 

j\finiH!^  Journal. 

THE  ANALYSIS  OF  OILS  AND  ALLIED  SUBSTANCES. 

By  A.  C.  Wright,  M.A.Oxon.,  B.Sc.Lond.,  formerly  Assistant  Lecturer  in 
chemistry  at  the  Yorkshire  College,  Leeds,  and  Lecturer  in  Chemistry  at  the 
Hull  Technical  School.    Demy  8vo,  cloth  A?«i  9/0 

A  HANDYBOOK  FOR  BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Malting.  Embracing  the 
Conclusions  of  Modern  Research  which  bear  upon  the  Practice  of  Brewing. 
By  Herbert  Edwards  Wright,  M.A.    Second  Edition,  Enlarged,  Crown 

8vo,  530  pp.,  cloth  1  2/6 

"  May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examinational 
tests,  while  the  scientific  brewer  v/iU  find  in  it  a  r^sum^  of  all  the  most  important  discoveries  oi 
modern  times.  Written  throughout  in  a  clear  and  concise  manner,  and  the  author  takes  great 
care  to  discriminate  between  vague  theories  and  well-established  facts." — Brezverr  yjwi-nal. 

""We  have  no  hesitation  in  saying  that  It  is  one  of  the  best — if  not  the  best  book— wliich  has 
yet  been  written  on  the  subject  of  beer-brewing  in  this  country." — Ere-wers  Guardian. 

A  POCKET-BOOK  OF  MENSURATION  AND  GAUGING. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Otricers,  Brewers, 
Spirit  Merchants,  &c.    By  J.  B.  Manx  Inland  Revenue.    Second  Edition. 

Revised.    i8mo,  leather   4/0 

"  Should  be  in  the  hands  of  every  practical  brewer." — Brewers'  yournat. 
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LIOHTINQ  BY  ACETYLENE 

Generators,  Burners,  and  Electric  Furnaces.  By  William  E.  Gibbs,  M.E. 
With  66  Illustrations.    Crown  8vo,  cloth  7/9 

THE  GAS  ENGINEER'S  POCKET-BOOK. 

Comprising  Tables,  Notes  and  Memoranda  relating  to  the  Manufacture, 
Distribution  and  Use  of  Coal  Gas  and  the  Construction  of  Gas  Works.  By 
H.  O'Connor,  A.M. Inst.C.E.  Crown  Svo,  leather  ....  10/6 
"  The  book  contains  a  vast  amount  of  Information.    The  author  goes  consecutively  through 

the  engineering  details  and  practical  methods  involved  In  each  of  the  different  processes  or  parts 

of  a  gas-works." — Gas  World. 

ENGINEERING  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Analytical  Chemists,  Engineers,  Iron 
Masters,  Iron  Founders,  Students  and  others.    Comprising  Methods  of  Analysis 
and  Valuation  of  the  Principal  Materials  used  in  Engineering  Work,  with 
numerous  Analyses,  Examples  and  Suggestions.     By  H.  Joshua  Phillips, 
F.I.C.,  F.C.S.   Third  Edition,  Revised  and  Enlarged.    Crown  Svo,  420  pp., 
with  Plates  and  other  Illustrations,  cloth.        ....      Net  "{QjQ 
"  In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical 
men.  .  .  .  The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 
despatch'requiredof  engineering  chemists  pennits.''—CA«?Kii:<x/iV<wj.  u- 
"  There  is  much  excellent  descriptive  matter  m  the  work,  the  chapter  on 'Oils  and  Lubri- 
cation '  being  specially  noticeable  in  this  respect." —Snsritteer. 

NITRO-EXPLOSIVES.  ,  _ 

A  Practical  Treatise  concerning  the  Properties,  Manufacture,  and  Analysis 
of  Nitrated  Substances,  including  the  Fulminates,  Smokeless  Powders,  and 
Celluloid.  By  P.  Gerald  Sanford,  F.I.C,  F.C.S.,  Public  Analyst  to  the 
Borough  of  Penzance ;  late  Consulting  Chemist  to  the  Cotton  Powder 
Company,  Limited,  &c.  Second  Edition,  revised  and  enlarged.  With 
Illustrations.    Demy  Svo,  cloth.  [Just  Published.    iVeM  0/6 

"  One  of  the  very  few  text-books  in  which  can  be  found  just  what  is  wanted.  Mr.  Sanford 
goes  steadily  through  the  whole  list  of  explosives  commonly  used,  he  names  any  given  explosive, 
and  tells  us  of  what  it  is  composed  and  how  it  is  manufactured.   The  book  is  excellent."— 

A  HANDBOOK  ON  MODERN  EXPLOSIVES. 

A  Practical  Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotton, 
Nitro-Glycerine  and  other  Explosive  Compounds,  including  Collodion-Cotton, 
With  Chapters  on  Explosives  in  Practical  Application.    By  M.  Eissler,  M.E, 

Second  Edition,  Enlarged.    Crown  Svo  cloth  1 2/6 

"  A  veritable  mine  of  information  on  the  subject  of  explosives  employed  for  military,  mining, 
and  blasting  purposes." — 'Irmy  and  Navy  Gazette. 

DANGEROUS  GOODS. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport  With  Notes 
and  Comments  on  Accidents  arising  therefrom.  A  Guide  for  the  Use  of 
Government  and  Railway  Officials,  Steamship  Owners,  &c.  By  H,  Joshua 
Phillips,  F.I.C.  F.C.S.  Crown  Svo,  pp.,  cloth  ....  9/0 
"  Merits  a  wide  circulation,  and  an  Intelligent,  appreciative  sWiAy."— Chemical  News. 

A  MANUAL  OF  THE  ALKALI  TRADE. 

Including  the  Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.    6y  John  Lomas,  Alkali  Manufacturer.     With  232  Illustrations 
and  Working  Drawings.    Super-royal  Svo,  cloth  ....    £1  1 0s. 
"  We  find  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the 
trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successfu 
conduct  of  alkali  works,  but  which  are  generally  overlooked  by  even  experienced  technological 
authors." — Chemical  Revie-w. 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  Etc. 

Containing  all  known  Methods  of  Anhydrous  Analysis,   many  Working 
Examples,  and  Instructions  for  Making  Apparatus.    By  Lieut. -Colonel  W.  A. 
Ross,  R.A.,  F.G.S.    Second  Edition,  Enlarged     Crown  Svo,  cloth     .  5/0 
"  The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 
will  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  '  got  up '  any  of  the 
best  text-books  of  the  day,  and  passed  any  number  of  examinations  in  their  contents.  " — Chemical 
News. 
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THE  MANUAL  OF  COLOURS  AND  DYE-WARE5. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophisticatiorf. 
For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slater. 
Second  Edition,  P.evised  and  greatly  Enlarged.    Crown  8vo,  cloth        .  7/6 
"  There  Is  no  other  work  which  covers  precisely  the  same  ground.    To  students  preparirg 
for  examinations  in  dyeing  and  printing  it  will  prove  exceedingly  useful."— Chemical  News. 

THE  ARTISTS'  MANUAL  OF  PIGMENTS. 

Showing  their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and 
Adulterations,  &c.,  with  Tests  of  Purity.     By  H.  C.  Standage.  Third 

Edition.     Crown  8vo,  cloth  2/6 

"This  work  is  indeed  multum-in-parvo.  and  we  can,  with  good  conscience,  recommend  it  to 
all  who  come  in  contact  with  pigments,  whether  as  makers,  dealers,  or  users.  "— Chemical  Revicru. 
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MODERN  SOAPS,  CANDLES,  and  GLYCERINE. 

A  Practical  Manual  of  Modern  Methods  of  Utilisation  of  Fats  and  Oils  in  the 
Manufacture  of  Soap  and  Candles,  and  of  the  recovery  of  Glycerine.  By 
Leebert  Li.OYD  Lam  BORN,  Massachusetts  Institute  of  Technology,  Member 
Am.  Chemical  Socy.,  &c.    Medium  8vo,  cloth.    Fully  Illustrated.    706  pages. 

[Just  Published.    Net  30/0 
SUMM.\RY  OF  Contents  :— The  Soap  industry— Introduction— Raw  materials 
OF   Soap  manufacture— bleaching  and    Purification    of    soap-stock— the 

CHEMICAL    characteristics    OF    SOAP-STOCK    AND    THEIR    BEHAVIOUR  TOWARDS 

Saponifying  Agents— mechanical  equivalent  of  the  Soap  Factory— cold 

PROCESS   AND   SEMI-BOILED    SOAP— GRAINED    SOAP— SETTLED    ROSIN    SOAP— MILLED 

Soap-base— floating  Soap— Shaving  Soap— Medicated  soap— Essential  oils  and 
Soap  Perfumery— Milled  Soap— Candles— Glycerine— Examination  of  raw 
Materials  and  Factory  Prodijcts. 


THE  ART  OF  SOAP-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Haid  and  Soft  Soaps,  Toilet 
Soaps,  &c.  Including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Alexander  Watt.  Sixth  Edition, 
including  an  Appendix  on  Modern  Candlemaking.  Crown  8vo,  cloth  7/6 
"  A  thoroughly  practical  treatise.  We  congratulate  the  author  on  the  success  of  his  endeavoui 
to  fill  a  void  in  English  technical  literature." — Nature. 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the 
practical  soap  boiler  who  wishes  to  understand  the  theory  of  his  art." — Chemical  News, 

PRACTICAL  PAPER-MAKING. 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Paper-Mills.  With 
Tables,  Calculations,  &c.    By  G.  Clapperton,  Paper-Maker.    With  Illus- 
trations of  Fibres  from  Micro-Photographs.    Crown  8vo,  cloth      .  6/0 
"  The  author  caters  for  the  requirements  of  responsible  mill  hands,  apprentices,  &c.,  whilst 
his  manual  will  be  found  of  great  service  to  students  of  technology,  as  well  as  to  veteran  PJP^^^' 
makers  and  mill  owners.    The  illustrations  form  an  excellent  feature." — The  World's  Paper  Trade 
Review, 

THE  ART  OF  PAPER-MAKING. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto, 
Straw,  and  other  Fibrous  Materials.    Including  the  Manufacture  of  Pulpfrcm 
Wood  Fibre,  with  a  Description  of  the  Machinery  and  Appliances  used.  To 
which  are  added  Details  of  Processes  for  Recovering  Soda  from  Waste  Liquors. 
By  Alexander  Watt.    With  Illustrations.    Crown  Svo,  cloth  .       .  7/6 
"It  may  be  regarded  as  the  standard  work  on  the  subject.    The  book  Is  full  of  valuable 
information,    The  'Art  of  Paper-Making'  is  in  every  respect  a  model  of  a  text-book,  either  (or  a 
technical  class,  or  for  the  private  student. ' — Paper  and  Printing  Trades  journal. 
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THE  CULTIVATION   AND  PREPARATION   OF  PARA 

B^!^W^H^JOHNSON,  F.L.S.,  F.R.H.S.,  Director  of  Agriculture,  Gold  Coast 
Colonv  West  Africa,  Commissioned  by  Government  in  1902  to  visit  Cej^lon  to 
Studv  the  Methods  employed  there  in  the  Cultivation  and  Preparation  of 
Para  Rubber  and  other  Agricultural  Staples  for  Market,  with  a  view  to  Intro- 
ri„^o  fVif.m  intn  West  Africa.    Demy  8vo,  cloth       ....    .net  flo 

SIIMMARY  CONTEN^^^^^  PARA    RUBBER   TREE  {Hei^ea 

SUMMARY  OF  CONTEN  lb        1^  TREK  :-PROPAGATION.- 

POR  kAm"?foN-DlSTA^^^^  TO  PLANT  THE  TREES.-TRANSPLANTING.- 

rTrnn?A^-roN  ]nJeCT>FSTS  AND  FUNGOID  DISEASES.- COLLECTING  THE  RUBBER: 
"vApmn^  METHODS  EM^  IN  TAPPING  RUBBER   TREES.  -  FLOW   OF  LATEX 

—  VARIOUS  MEl"""^,,^"^'!,^^^  T-RPH  _HOW  TO  TAP.— THE  PREPARATION  OF  RUBBER 
IpHM  tI^F^I  AT^X      lI?fX  -^  METHODS  EMPLOYED  IN  THE  PREPARATION  OF 

P  w«uBB      S^frrF^l^D  METkoD^^^^^    PREPARING  RUBBER.-SCRAP  RUBBER  -YIELD  OF 
f  l^i'^RBR  FROM  CUI^^^^  :_CEYLON.-MALAY  PENINSULA.-GOLD  COAST, 

PARA  RUHBER  I^g^  nVA  rED  ^      ^^^,^.,^^j,t,cR  OF  A  PARA  RUBBER  PLANTATION 

CEYLON  -MALA? PENI^^^^^^^^^  VALUE  OF  THE  OIL  IN  HEVEA  SEEDS. 

"  The  Author  does  not  claim  that  the  book  is  more  tlian  a  collection  of  inforniation  gathered 
fron.  various  sources;  as  such  it  is  exceUent.  and  will  undoubtedly  serve  a  very  usetul  purpose.  - 
India  Kudlier  Journal. 

RUBBER  HAND  STAMPS 

And  the  Manipulation  of  Rubber.    A  Practical  Treatise  on  the  Manufacture  of 
Indiarubber  Hand  Stamps,  Small  Articles  of  Indiarubber,  The  Hektograph, 
SpecTal  Inks,  Cements,  and  Allied  Subjects.  By  T.  O'CoNOR  Sloane,  A 
Ph.D:    With  numerous  Illustrations.    Square  8vo,  cloth.      .      .      .  O/O 

PRACTICAL  TANNING. 

A  Handbook  of  Modern  Processes,  Receipts,  and  Suggestions  for  the  Treatment 
of  Hides,  Skins,  and  Pelts  of  every  Description.  By  L.  A.  Flemming, 
American  Tanner.    472  pages.    8vo,  cloth  iv«  ,<JO/U 

LEATHER  MANUFACTURE. 

A  Practical  Handbook  of  Tanning,  Currying,  and  Chrome  Leather  Dressing. 
By  Alexander  Watt.    Fifth  Edition,  thoroughly  Revised  and  Enlarged^ 

8vo  cloth  [Just published.    Net  12/6 

A  sound  comprehensive  treatise  on  tannine  and  Its  accessories.    The  book  is  an  emtner-ly 

valuable  produciion  which  redounds  to  the  crelit  of  both  author  and  pubUshers."-CA«,,..a/ 

Review. 

ART  OF  BOOT  AND  SHOE  MAKING, 

Including  Measurement,  Last-fitting,  Ciitting-out,  Closing  and  Making, 

with  a  olscription  of  the  most  Approved  Machmery  employed.  By  J_  a 

Leno.    Crown  8vo, cloth  .       .       .       ■       ■  .  ,  \    „'    t'  j    '  ' 

'•  By  far  the  best  work  ever  written  on  the  subject."  -Scothsh  Leather  Jiadei . 

COTTON  MANUFACTURE.  ,  o         r  h: 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  of 
Dveine   &c     For  the  Use  of  Operatives,  Overlookers,  and  Manufacture! 
By  John  Lister,  Technical  Instructor,  Pendleton.    8vo,  cloth    .      .  7,'8 

"  A  distinct  advance  in  the  literature  of  cotton  manufacture.  "-VIWw^^O'. 

"  It  is  thoroughly  reliable,  fulftlUng  nearly  all  the  requirements  A^sXr^A." -Glasgow  Herald. 

WATCH  REPAIRING,  CLEANING,  AND  ADJUSTING. 

A  Practical  Handbook  dealing  with  the  Materials  and  lools  Used  and  the 
Methods  of  Repairing,  Cleaning,  Altering,  and  Adjusting  all  kinds  of  English 
and  Foreign  Watches  Repeaters,  Chronographs,  and  Marine  Chronometers. 
By  F.  J.  Garrard,  Springer  and  Adjuster  of  Marine  Chronometers  and  Deck 
Watches  for  the  Admiralty.    With  over  200  Illustrations.    Crown  Svo,  doA^ 

MODERN  HOROLOGY.  IN  THEORY  AND  PRACTICE. 

Translated  frcn.  the  French  of  Claudius  Saunier,  -J^f^^^^'^l^^'^l  Scho°l 
of  Horology  at  Macon,  by  Julien  Tripplin,  F.R.A.S^  '^^f^^""  with 
Manufacturer,  and  F.dward  Rigg,  M.A.,  Assayer  m  the  Roya  Mint.  With 
™ty.eight' Woodcuts  and  Twenty-two  Coloured  Copper  Plate^  Secon 
Edition.  Super  royal  8vo,  £2  28.  cloth  ;  half-calf  .  .  .  ^2  lOs. 
"There  Is  no  horclogical  -ork  in  the  E„|Ush  'an^age  at  aU  to  be  com^-ef  ^^^^^ 
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THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watchmaking  and 
the  Allied  Mechanical  Arts.  Translated  from  the  French  of  Claudius 
Saunier,  and  enlarged  by  Julien  Tripplin,  F.R.A.S.,  and  Edward  Rigg, 
M.A.,  Assayer  in  the  Royal  Mint.  Fourth  Edition.  Or.  8vo,  cloth  .  Q/O 
"  Each  part  is  truly  a  treatise  in  itself.  The  arrangement  is  good  and  the  language  s  clear 
and  concise.    It  is  an  admirable  guide  for  the  young  watchmaker." — Engineering. 

CLOCKS,  WATCHES,  &  BELLS  for  PUBLIC  PURPOSES. 

A  Rudimentary  Treatise.     By  Edmund  Beckett,  Lord  Grimthorpe, 
LL.D.,  K.C.,  F.R.A.S.    Eighth  Edition,  with  new  List  of  Great  Bells  and 
an  Appendix  on  Weathercocks.    Crown  8vo,' cloth      ....  4/6 
***  The.  above,  handsomely  bound,  Cloth  Boards,  5/6. 
*'  The  best  work  on  the  subject  probably  extant.    The  treatise  on  bells  is  undoubtedly  the 
best  in  the  language." — h-Hi^i-neeiiui^. 

"  The  only  modern  treatise  on  clock-making." — Hojvlo^^cal  Jou7-Hal. 

HISTORY  OF  WATCHES  &  OTHER  TIMEKEEPERS. 

By  James  F.  Kendal,  M.B.H.  Inst.    1/6  boaids;  or  cloth,  gilt       .  2/6 
"The  best  which  has  yet  appeared  on  this  subject  in  the  English  language." — Industries. 
"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  Ingenious 
devices  of  the  ancient  or  modem  horologer." — Saturday  Review. 

ELECTRO'PLATINQ&ELECTRO-REFININQOFMETALS. 

Being  a  new  edition  of  Alexander  Watt's  "Electro-Deposition."  Re- 
vised and  Largely  Rewritten  by  Arnold  Philip,  B.Sc,  A.I.E.E.,  Principal 
Assistant  to  the  Admiralty  Chemist.    Large  Crown  8vo,  cloth     .    Net  "|  2/6 
**  Altogether  the  work  can  be  highly  recommended  to  every  electro  plater,  and  is  of  un- 
doubted interest  to  every  electro-metallurgist." — Electrical  Review. 

"  Eminently  a  book  for  the  practical  worker  in  electro-deposition.  It  contains  practiced 
descriptions  of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  workshop."— 
Engineer. 

ELECTROPLATING. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold, 
Aluminium,  Brass,  Platinum,  &c.,  &c.    By  J.  W.  Urquhart,  C.E.  Fifth 

Edition,  Revised.    Crown  8vo,  cloth  6/0 

"An  excellent  practical  manual." — Engi7ieerin§-. 

"  An  excellent  work,  giving  the  newest  information." — Horological  Jtmmal. 

ELECTRO=METALLURQY, 

Practically  Treated.  By  Alexander  Watt.  Tenth  Edition,  enlarged  and 
revised.    With  Additional  Illustrations,  and  including  the  most  Recent 

Processes.    Crown  8vo,  cloth  3/6 

"  From  this  book  both  amateur  and  artisan  may  leant  everything  necessary." — Iron. 

GOLDSMITH'S  HANDBOOK, 

Containing  full  Instructions  in  the  Art  of  Alloying,  Melting,  Reducing, 
Colouring,  Collecting,  and  Refining.  The  processes  of  Manipulation, 
Recovery  of  Waste,  Chemical  and  Physical  Properties  of  Gold;  Solders, 
Enamels,  and  other  useful  Rules  and  Recipes,  &c.    By  George  E.  Gee, 


Sixth  Edition.    Crown  8vo,  cloth  3/0 

"A  good,  sound,  technical  educator." — Horological  jfozir^ial, 

SILVERSMITH'S  HANDBOOK, 

On  the  same  plan  as  the  above.  By  George  E.  Gee.  Third  Edition. 
Crown  8vo,  cloth  3/0 


"  A  valuable  sequel  to  the  author's  '  Practical  Goldvvorker.' " — Silversmiths'  Trade  Journal. 
*■:*  The  two  preceding  Works,  in  One  handsome  Volume,  half-bound,  entitled 
"The  Goldsmith's  and  Silversmith's  Complete  Handbook,"  Y/Q. 

JEWELLER'S  ASSISTANT  IN  WORKING    IN  GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Experience 
of  Thirty  Years'  Workshop  Practice.    By  George  E.  Gee.    Crown  8vo.  7/6 
"  This  manual  of  technical  education  Is  apparently  destined  to  be  a  valuable  auxiliary  to  a 
han  licratt  «hlch  Is  certainly  capable  of  great  improvement." — The  Times, 

HALL=MARKINQ  OF  JEWELLERY. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kingdom,;with  the  Stamps  at  present  employed;  also  the  Laws  lelating  to 
the  Standardsland.Hall-marks  at_^the  various  Assay  Offices.  By  George  E. 
Gee.    Crown  8vo,"  cloth    .       .  "  '3/0 
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GLECTROTYPINQ. 

The  Reproduction  and  Multiplication  of  Printing  Surfaces  and  Works  of  Art 
by  the  Electro-Deposition  of  Metals.   By  J.  W.  Urquhart,  C.E.  Crown  8vo, 

cloth  6/0 

"  The  book  Is  thorouglily  practical ;  the  reader  Is,  therefore,  conducted  through  the  leadm<; 

laws  of  electricity,  then  through  the  metals  used      electrotypers,  the  apparatus,  and  the  depositing 

processes,  up  to  the  final  preparation  of  the  v/ork."— Art  Journal. 

MECHANICAL  DENTISTRY: 

A  Practical  Treatise  on  the  Construction  of  the  Various  Kinds  ot  Artificial 
Dentures,  comprising  also  Useful  Formulas,  Tables  and  Receipts.  By 
C.  Hunter.    Crown  8vo,  cloth  3/0 

BRASS  FOUNDER'S  MANUAL: 

Instructions  for  Modelling,  Pattern  Making,  Moulding,  Turning,  &c.  By 
W.  Graham.    Crown  8vo,  cloth  2/0 

SHEET  METAL  WORKER'S  INSTRUCTOR. 

Comprising  a  Selection  of  Geometrical  Problems  and  Practical  Rules  for 
Describing  the  Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Copper,  and 
Tin-Plate  Workers.  By  Reuben  Henry  Warn,  Practical  Tin-Plate  Worker. 
New  Edition,  Revised  and  greatly  Enlarged  by  Joseph  G.  Horner, 
A.M.I.M.E.    Crown  8vo,  254  pp.,  with  430  Illustrations,  cloth     .      .  7/6 

SHEET  METAL=WORKER'S  GUIDE. 

A  Practical  Handbook  for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.,  with 
46  Diagrams  and  Working  Patterns.  By  W.  J.  E.  Crane.    Fourth  Edition. 

Crown  Svo,  Cloth   •  -1/6 

"The  author  has  acquitted  himself  witli  considerable  tact  in  choosing  his  examples,,  and 
with  no  less  ability  in  treating  them."— 

QAS  FITTING: 

A  Practical  Handbook.    By  John  Black.    Revised  Edition.    With  130 

Illustrations.    Crown  Svo,  cloth  2/6 

"  It  is  written  in  a  simple,  practical  style,  and  we  heartily  recommend  W— Plumber  and 
Decorator. 

TEA  MACHINERY  AND  TEA  FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  the 
Cultivation  of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By 
A    r   Wai-lis-Tayler,  A.M.Inst.C.E.     Medium  Svo,  468  pp.       With  218 

Illustrations  ,  •      ,•    "^'^  25/0 

"The  subject  of  tea  machinery  is  now  one  of  the  first  interest  to  a  large  class  of  pei^ple,  ot 
whom  we  strongly  connnend  the  volume."— CAa>«*ertf/CDCTW«»-«yo!<r«a<.     ^     ,    ,   ^  . 

"  Contains  a  very  fuU  account  of  the  machinery  necessary  for  the  proper  outfit  of  a  factory ,  and 
also  a  description  of  the  processes  best  carried  out  by  this  machinery."— yowma/  Soctety  of  Arts. 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.    By  Friedrich  Kick,  Imperial 
Regierungsrath,  Professor  of  Mechanical  Technology  in  the  Imperial  German 
Polytechnic  Institute,  Prague.  'Translated  from  the  Second  Enlarged  and 
Revised  Edition.    By  H.  H.  P.  Powles,  A.M.Inst.C.E.     400  PP-.  w'tn 
28  Folding  Plates,  and  167  Woodcuts.    Royal  Svo,  cloth        .       .  OS. 
••  This  invaluable  work  is,  and  will  remain,  the  standard  authority  on  the  science  of  mlUing.  .  .  . 
The  miller  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  ot  a 
successful  career;  he  will  have  acauired  a  number  of  general  pr.nciples  which  he  can  proceed  to 
apply    In  this  handsome  volume  we  at  last  have  the  accepted  text  book  of  modem  miUlng  la  good, 
sound  English,  which  has  little.  If  any,  trace  of  the  German  idiom. "—/"Ae  AhUer. 

"  The  appearance  of  this  celebrated  work  in  English  is  very  opportune,  and  British  nnllers 
will  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages."— MiUers'  Gazette. 

ORNAMENTAL  CONFECTIONERY. 

A  Guide  for  Bakers,  Confectioners  and  Pastrycooks  ;  including  a  variety  of 
Modern  Recipes,  and  Remarks  on  Decorative  and  Coloured  Work.    With  129 
Original  Designs.  By  Robert  Wells,    Crown  Svo,  cloth     .      .       .  6/0 
"A  valuable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner. 
Tl-.e  Illustrative  designs  are  worth  treble  tlie  amount  charged  for  the  work.'  —Bakers  limes. 

BREAD  &   BISCUIT   BAKER'S  &  SUGAR-BOILER'S 

ASSISTANT. 

Including  a  large  variety  of  Modern  Recipes.  With  Remarks  on  the  Art  of 
Bread-making.  By  Robert  Wells.  Fourth  Edition.  Crown  Svo,  cloth  1  /O 
A.  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  \>i^&x." —Saturday  Review. 
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PASTRYCOOK  &  CONFECTIONER'5  GUIDE. 

For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Familv 
Use,    By  R.  Wells,  Author  of  "  The  Bread  and  Biscuit  Baker  "  .  .1/0 
' '  We  cannot  speak  too  highly  of  this  really  excellent  work.    In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book." — Baker's  Times, 

MODERN  FLOUR  CONFECTIONER. 

Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c.  With 
remarks  on  the  Ingredients  Used  in  their  Manufacture.    By  R.  Wells    1  /O 
"  The  work  Is  of  a  decidedly  practical  character,  and  In  every  recipe  regard  Is  had  to  economical 
workiag."— A'or/A  British  Daily  Mail. 

SAVOURIES  AND  SWEETS 

Suitable  for  Luncheons  and  Dinners.  By  Miss  M.  L.  Allen  (Mrs.  A. 
Macaire),  Author  of  "  Breakfast  Dishes,"  &c.  Thirtieth  Edition.  F'cap 
8vo,  sewed  -J  /O 

BREAKFAST  DISHES 

For  Every  Morning  of  Three  Months.  By  Miss  Allen  (Mrs.  A.  Macaire) 
Author  of  "  Savouries  and  Sweets,"  &c.  Twenty-second  Edition.  F'cap  8vo, 
sewed  -J  /O 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 

ROADS. 

By  A.  J.  Wallis-Tavler,  A.M.Inst.  C.E.    Crown  Svo,  cloth    .      .  4/6 
"A  work  that  an  engineer,  thinking  of  turning  his  attention  to  motor-carriage  work,  would 
do  well  to  read  as  a  preliminary  to  starting  operations." — Engineering. 

FRENCH  POLISHING  AND  ENAMELLING. 

A  Practical  Book  of  Instruction,  including  numerous  Recipes  for  making 
Polishes,  Varnishes,  Glaze  Lacquers,  Revivers,  &c.  By  R.  Bitmead. 
Crown  Svo,  cloth  "[  IQ 

CEMENTS,  PASTES,  GLUES,  AND  GUMS. 

A  Guide  to  the  Manufacture  and  Application  of  Agglutinants  for  Workshop 
Laboratory,  or  Office  Use.    With  goo  Recipes  and  Formulae.   By  H.  C 

Standage.    Grown  Svo,  cloth  2/0 

"As  a  revelation  of  what  are  considered  trade  secrets,  this  book  will  arouse  an  amount  of 
curiosity  among  the  large  number  of  industries  it  touches."— Daily  Chronicle. 

PRACTICAL  ORGAN  BUILDING. 

By  W.  E.  Dickson,  M.A.,  Precentor  of  Ely  Cathedral.    Second  Edition, 

Revised.    Crown  Svo,  cloth  2/6 

"  The  amateur  builder  will  find  in  this  book  all  that  is  necessary  to  enable  him  personally  to 
construct  a  perfect  organ  witli  his  own  hands." — Academy. 

COACH=BUILDING: 

A  Practical  Treatise,  Historical  and  Descriptive.     By  J.  W.  Burgess. 

Crown  Svo,  cloth  2/6 

"This  handbook  will  supply  a  long-felt  want,  not  only  to  manufacturers  themselves,  but 
more  particularly  apprentices,  and  others  connected  with  the  trade  oi  codiC\\-h\xMu\g."—EuroJ:caii 
Mail. 

SEWING  MACHINERY. 

Construction,  History,  Adjusting,  &c.  By  J.  W.  Urquhart.    Cr.  Svo  2/0 

WOOD  ENGRAVING: 

A  Practical  and  Easy  Introduction  to  the  Study  of  the  Art.  By  W.  N. 
Brown.    Crown  Svo,  cloth  1/6 

LAUNDRY  MANAGEMENT. 

A  Handbook  for  Use  in  Private  and  Public  Laundries.    Cr.  Svo,  cloth  2/0 
"  This  book  should  certainly  occupy  an  honoured  place  on  the  slielves  of  all  housekeepers 
who  wish  to  keep  themselves  au  courant  of  the  newest  appliances  and  methods."— 77i«  Queen. 
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HANDYBOOKS  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Author  of  "  Lathe  Work,"  &c.    Crown  8vo,  144  pp.,  price  is.  each. 

iSr  These  Handybooks  have  been  written  to  supply  information  /oy  Workmen, 
Students,  and  Amateurs  in  the  several  Handicraj  ts,  on  the  actual  Practice  o/ 
the  Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Know- 
ledge 0/  the  several  Crafts.  In  describing  the  processes  emploved,  and  the  manipu- 
lation of  material,  workshop  terms  are  used  ;  workshop  practice  is  fully  explained  ; 
and  the  text  is  freely  illustrated  with  drawings  of  modern  tools,  appliances,  and 
processes. 


METAL  TURNER'5  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.  With  100  Illustrations. 

1/0 

"  The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.  It  displays 
thorough  knowledge  of  the  svib)ect."—Scotsman. 

WOOD  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Lathe.    With  over  100  Illustrations. 

1/0 

"  We  recommend  the  book  to  young  turners  and  amateurs.  A  multitude  of  workmen  have 
hitherto  sought  in  vain  for  a  manual  of  this  special  mimiry. "—Meckanicai  IVorld. 

WATCH  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

100  Illustrations  1/0 

"  We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  study 
this  nexpensive  work." — CUrkeniuell  Chronicle. 

PATTERN  MAKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders.  With 

upwards  of  100  Illustrations  1/0 

"A  most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker."— A'««*/«<<t«. 

MECHANIC'S  WORKSHOP  HANDYBOOK. 

A  Practical  Manual  on  Mechanical  Manipulation,  embracing  Information 
on  various  Handicraft  Processes.    With  Useful  Notes  and  Miscellaneous 

Memoranda.    Comprising  about  200  Subjects  1/0 

"A  very  clever  and  useful  book,  which  should  be  found  in  every  workshop;  and  It  should 
certainly  find  a  place  in  all  technical  sc\iOo\s." —Saturday  Review. 

MODEL  ENGINEER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Engines.  With 

upwards  of  100  Illustrations  1/0 

"  IVIr.  Hasluck  has  produced  a  very  good  little  \>oo)i." —Buildtr. 

CLOCK  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repaiting,  and  Adjusting.    With  upwards  of 

100  Illustrations  1/0 

"  It  is  of  inestimable  service  to  those  commencing  the  \.td.Ae." —Coventry  Standard. 

CABINET  WORKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Tools,  Materials,  Appliances,  and  Processes 
employed  in  Cabinet  Work.    With  upwards  of  100  Illustrations     .  .1/0 
'•  Mr.  Hasluck's  thorough-going  little  Handybook  Is  amongst  the  most  practical  guides  we 
have  seen  for  beginners  in  cabinet-work." — Saturday  Review, 

WOODWORKER'S  HANDYBOOK. 

Embracing  Information  on  the  Tools,  Materials,  Appliances  and  Processes 
Employed  in  Woodworking.    With  104  Illustrations       .       .      .  .1/0 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  It,  and 
how  to  convey  his  knowledge  to  others."— Engineering. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  Instructions."— fin^^ncer, 

"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  ^kill  and 
scientific  knowledge  of  processes  of  the  trained  mechanicicm,  and  the  manuals  are  trarvels  of  what 
can  be  produced  at  a  popular  price." — Sckooimaster. 

"  Helpful  to  workmen  of  all  ages  and  degrees  of  experience."— Dai/y  Chronicle 

"  Concise,  clear,  and  practical." — Saturday  Review. 
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COMMERCE,    COUNTING-HOUSE  WORK, 
TABLES,  ETC. 


LESSONS  IN  COMMERCE. 

By  Professor  R.  Gambaro,  of  the  Royal  High  Commercial  School  at  Genoa. 
Edited  and  Revised  by  James  Gault,  Professor  of  Commerce  and  Commercial 
Law  in  King's  College,  London.   Fifth  Edition.    Crown  8vo,  cloth      .  3/6 
"  The  publishers  of  this  work  have  rendered  considerable  service  to  the  cause  ol  commercial 
education  by  the  opportune  production  of  this  volume.  .  .  .  The  worlc  is  peculiarly  acceptable  to 
English  readers  and  an  admirable  addition  to  existing  class  books.    In  a  phrase,  we  think  the  work 
attains  its  object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with  which 
the  commercial  man  interested  therein  should  be  familiar."— CAa?«A«»-  n/  Commerce  youmal. 

"  An  invaluable  guide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and, 
in  fact,  the  information  it  contains  on  matters  of  business  should  be  Impressed  on  every  one."— 
Coimting  House, 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT. 

Being  Aids  to  Commercial  Correspondence  in  Five  Languages— English, 
French,  German,  Italian,  and  Spanish.     By  Conrad  E.  Baker.  Third 
Edition,  Carefully  Revised  Throughout.    Crown  8vo,  cloth  .       .      .  4/6 
"  Whoever  wishes  to  correspond  In  all  the  languages  mentioned  by  Mr.  Baker  cannot  do 
better  than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They 
consist  not  of  entire  specimen  letters,  but— what  are  far  more  useful— short  passages,  sentences,  oi 
plirases  expressing  the  same  general  idea  in  various  forms.'  —Athenaum, 

"  A  careful  examination  has  convinced  us  that  it  Is  unusually  complete,  well  arranged  and 
reliable.    The  book  is  a  thoroughly  good  one." — ScHodmaster. 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details;  the  Income  Tax  Acts;  the  Rating  of 
Factories ;  Fire  and  Boiler  Insurance  ;  the  Factory  and  Workshop  Acts  &c., 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emilk  Garcke  and  J.  M.  Fells.    Fifth  Edition,  Revised  and  Enlarged. 

Demy  8 vo,  cloth  flQ 

"A  very  Interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  .  The  principle 

of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  Is  one  which  we  thoroughly 

agree  -Kith."— Accountants'  journal. 

"  Characterised  by  extreme  thoroughness.   There  are  few  owners  of  factories  who  would  not 

derive  great  benefit  from  the  perusal  of  this  most  admirable  viotk."— Local  Government  Chronicle. 

MODERN  METROLOGY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century.  With 
an  Appendix  containing  a  proposed  English  System.  By  Lewis  d'A. 
Jackson,  A.  M.  Inst.  C.  E.,  Author  of  "  Aid  to  Survey  Practice,"  &c.  Large 

crown  8 vo,  cloth  12/8 

"We  recommend  the  work  to  all  interested  In  the  practical  reform  of  our  weights  and 
measures." — Naturt. 

A  SERIES  OF  METRIC  TABLES. 

In  which  the  British  Standard  Measures  and  Weights  are  compared  with  those 
of  the  Metric  System  at  present  in  Use  on  the  Continent.  By  C.  H.  Dowling, 

C.E.    8 vo,  cloth  10/6 

"Mr.  Dowhng's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one 
system  Into  the  a'Caat."— Athenaum. 

IRON  AND  METAL  TRADES'  COMPANION. 

For  Expeditiously  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight,  from  is.  per  cwt.  to  112s.  per  cwt.,  and  from  one  farthing  per  pound!  to 
one  shilling  per  pound.  By  Thomas  Downie.  Strongly  bound  in  leathier, 
396  pp  9  /0 

"  A  most  useful  set  of  tables,  nothing  like  them  before  CjisXxA."— Building  News. 

"  Although  specially  adapted  to  the  iron  and  metal  trades,  the  tables  wlu  be  found  usefuil  In 
every  uiber  business  in  which  merchandise  is  bought  and  sold  by  weight."— Xoi^woy  Nev/s, 
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NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCULATOR. 

Containing  upwards  of  250,000  Separate  Calculations,  showing  at  a  Glance  the 
Value  at  422  Different  Rates,  ranging  from  y^th  of  a  Penny  to  20s.  each,  or  per 
cwt.,  and  £20  per  ton,  of  any  number  of  articles  consecutively,  from  i  to  470. 
Any  number  of  cwts.,  qrs.,  and  lbs.,  from  i  cwt.  to  470  cwts.  Any  number  of 
tons,  cwts.,  qrs.,  and  lbs.,  from  i  to  1,000  tons.  By  William  Chadwick, 
Public  Accountant.    Fourth  Edition,  Revised  and  Improved.    8vo,  strongly 

bound  1 8/0 

"  It  is  as  easy  of  reference  for  any  answer  ot  any  number  of  answers  as  a  dictionary.  For 
making  up  accounts  or  estimates  the  book  must  prove  mvaluable  to  all  who  have  any  considerable 
quantity  of  calculations  involving  price  and  measure  in  any  combination  to  do."— Engineer. 
"The  most  perfect  work  of  the  kind  yet  prepared."— G/aJfoa'  Herald. 

THE  WEIGHT  CALCULATOR. 

Being  a  Series  of  Tables  upon  a  New  and  Comprehensive  Plan,  exhibiting  at 
one  Reference  the  exact  Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300 
Progressive  Rates,  from  xd.  to  i68s.  per  cwt.,  and  containing  186,000  Direct 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  addition 
(mostly  to  be  performed  at  sight),  will  afford  an  aggregate  of  10,266,000 
Answers  ;  the  whole  being  calculated  and  designed  to  ensure  correctness  and 
promote  despatch.  By  Henry  Harben,  Accountant.  Sixth  Edition,  carefully 
Corrected.    Royal  8vo,  strongly  half-bound  £1  6s. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  genetaSly."— Ironmonger . 

"  Of  priceless  value  to  business  men."-  Sheffield  Independent. 

THE  DISCOUNT  GUIDE. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Manufacturers, 
Ironmongers,  and  Others,  by  which  may  be  ascertained  the  Exact  Profit  arising 
from  any  mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required  Profit  after 
allowing  one  or  more  Discounts  :  to  which  are  added  Tables  of  Profit  or 
Advance  from  ij  to  90  per  cent..  Tables  of  Discount  from  ij  to  gSf  per  cent., 
and  Tables  of  Commission,  &c.,  from  \  to  10  per  cent.  By  Henry  Harben, 
Accountant.  New  Edition,  Corrected.  Demy  8vo,  half-bound  .  £1  6s. 
"  A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  ot  time 

means  saving  of  money.    The  work  must  prove  of  great  value  to  merchants,  manufacturers,  and 

general  traders."— 5»-«<t.rA  Trade  youmal. 

TABLES  OF  WAGES. 

At  54,  52,  50  and  48  Hours  per  Week.  Showing  the  Amounts  of  Wages  from 
One  quarter  of  an  hour  to  Sixty-four  hours,  in  each  case  at  Rates  of  Wages 
advancing  by  One  Shilling  from  4s.  to  55$.  per  week.  By  Thos.  G  arbutt, 
Accountant.    Square  crown  8vo,  half-bound  6/0 

IRON-PLATE  WEIGHT  TABLES. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants  Containing  the 
Calculated  Weights  of  upwards  of  150,000  different  sizes  of  Iron  Plates  from 
I  foot  by  6  in.  by  \  in.  to  10  feet  by  5  feet  by  i  in.  Worked  out  on  the  Basis  of 
40  lbs.  to  the  square  foot  of  Iron  of  i  inch  in  thickness.  By  H.  Burlinson 
and  W.  H.  Simpson.    4to,  half-bound  £1  68. 

THE  CONCISE  INTEREST  CALCULATOR. 

Containing  Tables  at  i,  ij,  2,  2^,  3,  ^J,  31, 4,  4.  4i,  and  5  per  cent.  By  A.  M. 
Campbell,  Author  of  "  The  Concise  Calendar."    Crown  Svo,  cloth. 

[Just  Published.   Net  2IB 


ORIENTAL  MANUALS  AND  TEXT- BOOKS. 

NOTICE: — Messrs.  Crosby  LockwooD  &  Son  will  forward 
on  application  a  New  and  Revised  List  of  Text-books  and 
Manuals  for  Students  in  Oriental  Languages,  many  of  which 
are  used  as  Text-books  for  the  Examinations  for  the  Indian 
Civil  Service  and  the  Indian  Staff  Corps  ;  also  as  Class  Books 
in  Colleges  and  Schools  in  India. 
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CROSBY  LOCKWOOD       SON'S  CATALOGUE. 


AGRICULTURE,  FARMING, 
GARDENING,  ETC. 


Book  I.  on  the  Varieties,  Breeding, 
Rearing,  Fattening  and  Manage- 
ment OF  CATTLE. 

BOOK  II.  ON  THE  ECONOMY  AND  MAN- 
AGEMENT OF  THE  Dairy. 

Book  hi.  On  the  Breeding,  Rearing, 
AND  Management  of  Horses. 

Book  iv.  on  the  breeding,  Rearing, 
AND  Fattening  of  Sheep. 

Book  V.  On  the  Breeding,  Rearing, 
and  Fattening  of  Swine, 

Book  VI.  On  the  Diseases  of  Live 
Stock. 


THE   COMPLETE   QRAZIER   AND    FARMER'S  AND 

CATTLE  BREEDER'S  ASSISTANT. 

A  Compendium  of  Husbandry.  Originally  Written  by  William  Youatt. 
Fourteenth  Edition,  entirely  Re-written,  considerably  Enlarged,  and  brought 
up  to  Present  Requirements,  by  William  Fream,  LL.D.,  Assistant  Com- 
missioner, Royal  Commission  on  Agriculture,  Author  of  "  The  Elements  of 
Agriculture,"  &c.    Royal  8vo,  i,ioo  pp.,  450  Illustrations,  handsomely  bound. 

£1  11s.  60. 
Book  VII.  on  the  breeding,  Rearing, 

AND  Management  of  Poultry. 
Book  VIII.    on  Farm  Offices  and 

Implements  of  Husbandry. 
Book  IX.  On  the  Culture  and  man- 
agement OF  Grass  Lands. 
Book  x.    on  the  cultivation  and 
Application  of  Grasses,  Pulse  and 
Roots. 

Book  XI.  On  Manures  and  their 
Application  to  Grass  land  and 
Crops. 

Book  xii.  Monthly  calendars  op 
Farmwork. 

"  Dr.  Fream  Is  to  be  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.    We  believe 
that  It  will  be  found  that  it  has  no  compeer  among  the  many  works  at  present  in  existence. 
The  illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull 
New  Year  s  Gift,  bred  by  the  Queen,  is  a  work  ol art."— The  Times. 

"The  book  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  work 
of  reference  in  the  English  language  on  the  subject  with  which  it  deals."— ^/Ae«««»j 

"  The  most  comprehensive  guide  to  modem  fann  practice  that  exists  in  the  English  language 
to-day.  .  .  .  The  book  is  one  that  ought  to  be  on  every  farm  and  in  the  library  of  every  land 
owner." — Mark  Lane  Express. 

"In  point  of  exhaustiveness  and  accuracy  the  work  will  certainly  hold  a  pre-eminent  and 
nnlque  position  among  books  deaUng  with  scientific  agricultural  practice.  It  is,  in  fact,  an  agricul- 
tural library  in  itself  "—North  British  Agriculturist. 

"  Tliis  volume  occupies  the  very  front  place  as  an  authority  on  British  agriculture ;  and  even 
in  these  depressed  times  no  farmer  worthy  of  the  name,  and  taking  a  pride  in  his  calling,  sliould 
rest  satisfied  until  he  has  this  grand  work  to  refer  to  for  liclp  in  his  struggle  for  existence  and  as  a 
guide  how  to  make  the  best  cf  his  farm." — Farm,  Field  and  Fireside. 

In  Dr.  Fream's  accomplished  hands  '  The  Complete  Grazier'  has  taken  at  a  single  bound 
a  front  place  amongst  tlie  agricultural  works  of  the  day.  ...  As  a  work  of  reference  it  has  a 
pre-eminent  claim  upon  every  fanner."— 7"Ae  Farmer 

"'The  Complete  Grazier '  as  it  stands  is  a  compendium  of  authoritative  and  well-ordered 
knowledge  on  every  conceivable  branch  of  the  work  of  the  live-stock  farmer;  and  the  name  of  Dr 
Fream  will  be  associated  with  that  of  Youatt— the  latter  as  the  prime  author,  the  former  as  the 
perfector— of  a  production  which,  on  the  subject  of  which  it  treats,  is  probably  without  an  equal  in 
this  or  any  other  country  "—The  Yorkshire  Post. 

STOCK:  CATTLE,  SHEEP,  AND  H0R5ES. 

Vol.  III.— OUTLINES  OF  MODERN  FARMING.    By  R.  Scott  Bukn. 

Woodcuts.    Crown  8vo,  cloth  2/6 

"The  author's  grasp  of  liis  subject  is  tliorougli,  and  his  grouping  of  facts  effective  '.  We 
commend  this  excelleni  treatise."— Dispatch. 

5HEEP: 

The  History,  Structure,  Economy,  and  Diseases  of.   By  W.  C.  Spooner. 
Fifth  Edition,  with  Engravings.    Crown  8vo,  cloth     ....  3/6 
"  The  book  is  decidedly  the  best  of  the  kind  in  our  language."— 5'co('j;«a«.  ' 

MEAT  PRODUCTION: 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers'  Meat, 
By  John  Ewart.    Crown  8vo,  cloth      .  ,       .       .       .       .  2/6 

"  A  compact  and  handy  \o\uma."—Meai  and  Provision  Trades  Review  '. 
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MILK,  CHEESE,  AND  BUTTER. 

A  Practical  Handbook  on  their  Properties  and  the  Processes  of  their  Produc- 
tion. Including  a  Chapter  on  Cream  and  the  Methods  of  its  Separation  from 
Milk.  By  John  Oliver,  late  Principal  of  the  Western  Dairy  Institute, 
Berkeley.   With  Coloured  Plates  and  200  Illustrations.    Crown  8vo,  cloth. 

7/6 

"  An  exhaustive  and  masterly  production.  It  may  be  cordially  ecommended  to  all  students 
and  practitioners  of  dairy  science.' — North  British  Agriculturist. 

"We  recommend  this  very  comprehensive  and  carefully-written  book  to  dairy-farmers  and 
students  of  dairying.  It  is  a  distmct  acquisition  to  the  library  of  the  agriculturist." — Agricultural 
Gazette. 

BRITISH  DAIRYING. 

A  Handy  Volume  on  the  Work  of  the  Dairy-Farm.  For  the  Use  of  Technical 
Instruction  Classes,  Students  in  Agricultural  Colleges  and  the  Working  Dairy- 
Farmer.  By  Prof.  J.  P.  Sheldon.  With  Illustrations.  Second  Edition, 
Revised.   Crown  8vo,  cloth  2/8 

"Confidently  recommended  as  a  useful  text-book  on  dairy  hrm\ng."— Agricultural  Gazette. 
"  I'robably  the  best  half-crown  manual  on  dairy  work  that  has  yet  been  produced. "-  North 
Britisli  AptcuUurist. 

"  It  is  the  soundest  Uttle  work  we  have  yet  seen  on  the  subject."— 7"A«  Time.'. 

DAIRYi  PIGS,  AND  POULTRY. 

Vol.  IV.    OUTLINES  OF  MODERN  FARMING.    By  R.  Scott  Burn. 

Woodcuts.    Crown  8vo,  cloth  2/0 

"  We  can  testify  to  the  clearness  and  intelligibility  of  the  matter,  which  has  been  compiled 
frcm  the  best  authorities."— /.o^f/o^  Review. 

THE  ELEMENTS  OF  AGRICULTURAL  GEOLOGY. 

A  Scientific  Aid  to  Practical  Farming.  By  Primrose  McConnell.  Author  of 
"  Note-Book  of  Agricultural  Facts  and  Figures."    8vo,  cloth       .    iV«<  2  1 /O 

'On  every  page  the  work  bears  the  impress  of  a  masterly  knowledge  of  the  subject  dealt 
with,  and  we  have  nothing  but  unstinted  praise  to  offer." — Field. 

PRACTICAL  farming; 

In  relation  to  Soils,  Manures,  and  Crops,  with  a  chapter  on  Homestead 
Construction,  includins;  a  number  of  plans  and  sections  By  Edmund  T. 
Shepherd,  Professional  Associate  of  the  Surveyors'  Institution.  Demy  8vo, 
cloth  \Jrtst  published  Net^lQ 

SOILS,  MANURES,  AND  CROPS. 

Vol.  I.— OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Woodcuts.    Crown  8vo,  cloth  2/0 

FERTILISERS  AND  FEEDING  STUFFS. 

Their  Properties  and  Uses.  A  Handbook  for  the  Practical  Farmer.  By 
Bernard  Dyer,  D.Sc.  (Lond.).  With  the  Text  of  the  Fertilisers  and  Feeding 
Stuffs  Act  of  1893,  The  Regulations  and  Forms  of  the  Board  of  Agriculture, 
and  Notes  on  the  Act  by  A.  J.  David,  B..'^.,  LL.M.  Fourth  Edition,  Revised. 
Crown  8vo,  cloth  1/0 

"This  little  book  Is  precisely  what  it  professes  to  be— '  A  Handbook  for  the  Practical 
Farmer.'  Dr.  Dyer  has  done  farmers  good  service  in  placing  at  their  disposal  so  much  useful 
Information  In  so  mtelligible  a  form." — The  Times. 

THE    ROTHAMSTED    EXPERIMENTS    AND  THEIR 

PRACTICAL  LE5SON5  FOR  FARMERS. 
Part  I.  Stock.    Part  II.  Crops.    By  C.  I.  R.  Tipper.    Crown  8vo,  cloth. 

3/6 

We  have  no  doubt  that  the  book  will  be  welcomed  by  a  large  class  of  farmers  and  ot!  ers 
interested  In  agriculture." — Standard. 

SYSTEMATIC  SMALL  FARMING. 

Or,  The  Lessons  of  My  Farm.  Being  an  Introduction  to  Modern  Farm 
Practice  for  Small  Farmers.    By  R.  Scott  Burn,  Author  of  "Outlines  of 

Modern  Farming,"  &c.    Crown  8vo,  cloth  6/0 

"  This  Is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  fanrcr 
will  read  with  pleasure,  and  accept  as  a  guide."— /^te/rf. 
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THE  FIELDS  OF  GREAT  BRITAIN. 

A  Text-Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By  Hugh 
Clements  (Board  of  Trade).     Second  Edition,  Revised,  virith  Additions. 

i8mo  cloth  2/6 

"  It  is  a  long  time  since  we  have  seen  a  book  wliicli  lias  pleased  us  more  or  which  contains 
such  a  vast  and  useful  fund  of  knowledge."— Educational  Times. 

OUTLINES  OF  MODERN  FARMING. 

By  R.  Scott  Burn.  Soils,  Manures,  and  Crops— Farming  and  Farming 
Economy— Cattle,  Sheep,  and  Horses— Management  of  Dairy,  Pigs,  and 
Poultry— Utilisation  of  Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In 
One  Vol.,  1,250  pp.,  half-bound,  profusely  Illustrated.       .       .       .    1  2/0 

"  The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  trustworthy, 
and  in  tliis  aim  he  lias  succeeded  to  a  degree  which  entitles  him  to  nuich  credit."— Morning- 
Advertiser. 

FARM  ENGINEERING,  The  COMPLETE  TEXT-BOOK  of. 

Comprising  Draining  and  Embanking  ;  Irrigation  and  Water  Supply  ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings  ;  Barn  Implements  and  Machines ; 
Field  Implements  and  Machines  ;  Agricultural  Surveying,  &c.  By  Professor 
ToHN  Scott.    In  One  Vol.,  i.iso  pp.,  half-bound,  with  over  600  Illustrations. 

12/0 

"  Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his 
work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements. 
The  volume  will  be  of  great  value  to  agricultural  students."— Mar*  Lant  Express. 

DRAINING  AND  EMBANKING. 

A  Practical  Treatise.  By  John  Scott,  late  Prolessor  of  Agriculture  and 
Rural  Economy  at  the  Royil  Agricultural  College,  Cirencester.    With  68 

Illustrations.    Crown  8vo,  cloth  1/6 

"  A  valuable  liandbook  to  the  engineer  as  well  as  to  the  surveyor."— Aa^irf. 

IRRIGATION  AND  WATER  SUPPLY 

A  Practical  Treatise  on  Water  Meadows,  Sewage  Irrigation,  Warping,  &c.; 
on  the  Construction  of  Wells,  Ponds,  and  Reservoirs,  &c.    By  Professor 

J.  Scott.    Crown  Svo,  cloth  1/6 

"  A  valuable  and  indispensable  book  for  tlie  estate  manager  and  omex."— Forestry. 

FARM  ROADS,  FENCES,  AND  GATES: 

A  Practical  Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the 
Farm ;  the  Principles  of  Enclosures  ;  and  on  Fences,  Gates,  and  Stiles.  By 

Professor  John  Scott.    Crown  Svo,  cloth  1/6 

"A  useful  practical  work,  which  should  be  in  the  hands  of  every  lAxmet."- Farmer. 

FARM  BUILDINGS: 

Their  Arrargement  and  Conitruclion,  with  Plans  and  Estimates.  By  Pro- 
fessor J.  Scott.    Crown  Svo,  c'oth  2/0 

"  No  one  who  is  called  upon  to  design  farm  buildings  can  afford  to  be  without  this  work."— 
Builder. 

BARN  IMPLEMENTS  AND  MACHINES: 

Treating  of  the  Application  of  Power  to  the  Operations  of  Agriculture  and 
of  the  various  Machines  used  in  the  Threshing-barn,  in  the  Stockyard, 
Dairy,  &c.  By  Professor  John  Scott.  With  123  Illustrations.  Crown 
Svo,  cloth  2/0 

FIELD  IMPLEMENTS  AND  MACHINES: 

With  Principles  and  Details  of  Construction  and  Points  of  Excellence,  their 
Management,  &c.  By  Professor  John  Scott.  With  138  Illustrations. 
Crown  8vo,  cloth  2/0 

AGRICULTURAL  SURVEYING: 

A  Treatise  on  Land  Surveying,  Levelling,  and  Setting-out ;  with  Directions 
for  Valuing  and  Reporting  on  Farms  and  Estates.  By  Professor  J.  Scott. 
Crown  Svo,  cloth  1/6 

OUTLINES  OF  FARM  MANAGEMENT. 

Treating  of  the  General  Work  of  the  Farm ;  Stock  ;  Contract  Wojrk, 
Labour,  &c.    By  R.  Scott  Burn.    Crown  Svo,  cloth       .       .       .  2/6 
"The  book  is  eminently  practical,  and  may  be  studied  with  advantage  by  beginneirs  in 
agriculture,  while  it  contains  hints  which  will  be  useful  to  old  and  successful  laxxaeis,."— Scotsman. 
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OUTLINES  OF  LANDED  ESTATES  MANAGEMENT. 

Treating  of  the  Varieties  of  Lands,  Methods  of 'Farming,  the  Setting-out  of 
Farms,  &c. ;  Roads,  Fences,  Gates,  Irrigation,  Drainage,  &c.  By  R.  S.  Burn. 

Crown  8vo,  cloth  2/6 

"  A  complete  and  comprehensive  outline  of  the  duties  appertaining-  to  the  management  of 
landed  estates."— yoiirital  of  Forestry. 

FARMING  AND  FARMING  ECONOMY. 

Historical  and  Practical.  Vol.  II.— OUTLINES  OF  MODERN  FARMING. 
By  R.  Scott  Burn.    Crown  8vo,  cloth  3/0 

"Eminently  calculated  to  enlighten  the  agricultural  community  on  the  varied  subjects  of 
which  it  treats  ;  hence  it  should  find  a  place  in  every  farmer's  libraiy."— CzO-  Press. 

UTILIZATION  OF  SEWAGE,  IRRIGATION,  &c. 

Vol.  V.-OUTLINES  OF  MODERN  FARMING.    By  R.  Scott  Burn. 

Woodcuts.    Crown  8vo,  cloth  2/6 

"A  work  containing  valuable  information,  which  will  recommend  itself  to  all  interested  in 
modern  farming." — Field. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  &  FIGURES 

FOR  FARMERS  AND  FARM  STUDENTS. 

By  Primrose  McConnell,  B.Sc,  Fellow  of  the  Highland  and  Agricultural 
Society,  Author  of  "Elements  of  Farming."  Seventh  Edition,  Re-wntten, 
Revised,  and  greatly  Enlarged.     Fcap.  8vo,  480  pp.,  leather,  gilt  edges. 

\Just  Published.    Net  7/6 

CONTENTS  —SURVEYING  AND  LEVELLING.— WEIGHTS  AND  MEASURES.— MACHINERY 
AND  BUILDINGS.  —  LABOUR.  —  OPERATIONS.  —  DRAINING.  —  EMBANKING.  —  GEOLOGICAL 
MEMORANDA.  -  SOILS.  —  MANURES.  —  CROPPING.  —  CROPS.-ROTATIONS.  -  WEEDS.  — 
FEEDING.-DAIRYING.-LIVE  STOCK.-HORSES.-  CATTLE.  -  SHEEP.— PlGS.-POULTRY.- 
FORESTRY.— HORTICULTURE.— MlSCEbtANEOUS. 

•'  No  farmer,  and  certairay  no  agricultural  student,  ought  to  be  without  this  muUum-in-parvo 
manual  of  aU  subjects  connected  with  the  farm.'— A'i)»-/A.Sri/i.r/»v4ertV«//KW/'.  „,.  j  . 

"This  little  pocket-book  contains  a  large  amount  of  useful  mformation  upon  aU  kmds  ot 
agricultural  subjects.    Something  of  the  kind  has  long  been  wanted."— Lane  Express. 

"The  amount  of  Information  It  contains  Is  most  surprising ;  the  arrangement  of  the  matter  is 
so  methodical— although  so  compressed— as  to  be  InteUlglble  to  everyone  who  takes  a  glance  through 
Its  pages.    They  teem  with  information."— and  Home. 

TABLES  and  MEMORANDA  for  FARMERS,  GRAZIERS, 

AGRICULTURAL  STUDENTS,  SURVEYORS,  LAND  AGENTS, 
AUCTIONEERS,  &c. 

With  a  New  System  of  Farm  Book-keeping.  By  Sidney  Francis.  Fifth 
Edition.  272  pp.,  waistcoat-pocket  size,  limp  leather  .  .  .  .1/6 
"Weighing  less  than  i  oz.,  and  occupying  no  more  space  than  a  match-box,  It  contains  amass 
of  facts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable.  Every 
operation  on  the  farm  is  dealt  with.  The  work  may  be  taken  as  thoroughly  accurate,  the  whole  ot 
the  tables  having  been  revised  by  Dr.  Freair.  We  cordially  recommend  it.  -  belts  Weefily 
Messeng;et . 

THE  HAY  AND  STRAW  MEASURER: 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw 
Dealers,  &c.,  forming  a  complete  Calculator  and  Ready  Reckoner.  By 

John  Steele.    Crown  Bvo,  cloth  2/0 

"A  most  useful  handbook.  It  should  be  in  every  professional  office  where  agricultural 
valuations  are  conducted."— /.<i?;rf  Ai^ent's  Record. 

READY  RECKONER  FOR  ADMEASUREMENT  OF  LAND. 

By  A.  Arman.  Revised  and  extended  by  C.  Norris,  Surveyor.  Fifth 
Edition.    Crown  8vo,  cloth  2/0 

"  A  very  useful  book  to  all  who  have  land  to  measure."— vl/a?-*  Lane  Express. 

'•  Should  be  in  the  hands  of  all  persons  having  any  connection  with  land.  —Irtsh  Farm. 

READY   RECKONER   FOR   MILLERS,    CORN  MER- 
CHANTS, 

And  Farmers.    Second  Edition,  revised,  with  a  Price  List  of  Modern  Flour 
Mill  Machinery.    By  W.  S.  Hutton,  C.E.    Crown  8vo,  cloth  .       .  2/0 
"  Will  prove  an  indispensable  vade  viecum.    Nothing  has  been  spared  to  make  the  book 
complete  and  perfectly  adapted  to  its  special  purpose."— .t/jY/f^-. 
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BOOK  =  KEEPING    FOR    FARMERS    AND  ESTATE 

OWNER5. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
classes  of  Farms.     By  J.  M.  Woodman,  Chartered  Accountant.  Fourth 

Edition.    Crown  8vo,  cloth   2/6 

"Will  be  foimd  of  great  assistance  by  those  who  intend  to  commence  a  system  of  book- 
keeping, the  author's  examjiles  beingr  clear  and  exphcit,  and  liis  explanations  full  and  accurate  "— 
Live  Stork  yournaL. 

WOODMAN'5  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and 
Expenditure  under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c 
With  Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  End  of  the 
Year.    By  Johnson  M.  Woodman,  Chartered  Accountant.    Second  Edition. 

Folio,  half-bound  y^g 

"  Contains  every  requisite  for  keeping  farm  accounts  readily  and  accurately."— /*^W<rK//K»-f. 


THE  HORTICULTURAL  NOTE=BOOK. 

A  Manual  of  Practical  Rules,  Data,  and  Tables,  for  the  use  of  Students 
Gardeners,  Nurserymen,  and  others  interested  in  Flower,  Fruit,  and  Vegetable 
Culture,  or  in  the  Laying-out  and  Management  of  Gardens.  By  J  C 
Newsham,  F.R.H.S.,  Headmaster  of  the  Hampshire  County  Coiincii 
Horticultural  School.    With  numerous  Illustrations.    Fcap  8vo,  cloth. 

{Just  Published.    Net  -JjQ 

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Editor  of  "  Gardening  Illustrated."    Crown  8vo  3/6 

"  The  most  valuable  compendium  of  kitchen  and  market-garden  work  published."— /^arw^n 

A  PLAIN  GUIDE  TO  GOOD  GARDENING; 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth 
Edition,  with  considerable  Additions,  and  numerous  Illustrations,  Crowr, 
8vo,  cloth  

"  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.  The  oracrica! 
directions  are  excellent.' —.^<A«n<7K>«.  k  s  v 

THE  FORCING  GARDEN; 

Or,  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables.  With  Plans  and 
Estimates  for  Building  Glasshouses,  Pits  and  Frames.    With  Illustrations 

By  Samuel  Wood.    Crown  8vo,  cloth  3/g 

"A  good  book,  containing  a  great  deal  of  valuable  teaching.' —Gardeners'  Magazine. 

KITCHEN  GARDENING  MADE  EA5Y. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and  Herb 
&c.,  with  directions  for  management  all  the  year  round.    By  Geo  M  f' 

Glenny.    Illustrated.    Crown  8vo,  cloth  -j  /g 

"  This  book  will  be  found  trustworthy  and  u^ehiV —Nort/t  Rritish  Agriculturist. 

COTTAGE  GARDENING; 

Or,  Flowers,  Fruits,  and  Vegetables    or  Small  Gardens.    By  E.  Hobday, 

Crown  8vo,  cloth   1/6 

"  Definite  instructions  as  to  the  cultivation  of  small  gardens."— 5fo/j-?«a«. 

GARDEN  RECEIPTS. 

Edited  by  Charles  W.  Quin.  Fourth  Edition.  Crown  Svo,  cloth  .  1  /6 
"A  singularly  complete  collection  of  the  principal  receipts  needed  by  gardeners."— y^arwo-. 

MULTUM-IN-PARVO  GARDENING ; 

*^/>  How  to  Make  One  Acre  of  Land  produce  £i,io  a  year,  by  the  Cultivatior, 
of  i  ruits  and  Vegetables  ;  also,  How  to  Grow  Flowers  in  Three  Glass  Houses 
to  reali.se  per  annum  clear  Profit.    By  Samuel  Wood,  Author  of 

Good  Gardening,"  &c.    Sixth  Edition,  Crown  Svo,  sewed    ,       .  .1/0 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

An!  Ama.eur's  Complete  Guide,    By  S.  Wood,    Crown  Svo,  cloth      .  3/6 
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FRUIT  TREES, 

The  Scientific  and  Profitable  Culture  of.  From  the  French  of  M.  Du 
Breuil.    Fifth  Edition,  carefully  Revised  by  George  Glenny.    With  187 

Woodcuts.    Crown  8vo,  cloth  3/6 

*'  The  book  teaches  how  to  prune  and  train  fruit  trees  to  perfection." — Field. 

ART  OF  GRAFTING  AND  BUDDING. 

By  Charles  Baltet.    With  Illustrations.    Crown  8vo,  cloth  .      .  2/6 
"  The  one  standard  work  on  this  subject." — Scots?na7t. 


TREE  PRUNER: 

Being  a  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  including  also 
their  Training  and  Renovation,  also  treating  of  the  Pruning  of  Shrubs, 
Climbers,  and  Flowering  Plants.  With  numerous  Illustrations.  By 
Samuel  Wood,  Author  of  "  Good  Gardening,"  &c.  Crown  8vo,  cloth  1  /6 
"  A  useful  book,  written  by  one  who  has  had  great  experience." — Mark  Lane  Express. 


TREE  PLANTER  AND  PLANT  PROPAGATOR: 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Implements, 
Houses,  Pits,  &c.    By  S.  Wood.    Crown  8vo,  cloth    ....  2/0 
"  Sound  in  its  teaching;  and  very  comprehensive  in  its  aim.    It  is  a  <jood  book." — Gardeners' 
Magazine. 

*t*  The  above  Two  Vols  tn  One,  handsomely  half-bound,  entitled  "  The  Tree 
Planter,  Propagator  and  Pruner."   By  Samuel  Wood.    Price  3/6- 


THE  CULTIVATION   AND   PREPARATION  OF  PARA 

RUBBER. 

By  W.  H.  Johnson,  F.L.S.,  F.R.H.S.    Svo  cloth      .       .  .Net  7/6 
For  Summary  of  Contents,  see  page  45. 


POTATOES:  HOW  TO  GROW  AND  5H0W  THEM. 

A  Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the  Potato. 
By  J.  Pink.    Crown  Svo   2/0 


BEES  FOR  PLEASURE  AND  PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiary.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.    Crown  Svo,  wrapper  1/0 


AUCTIONEERING,   VALUING,  LAND 
SURVEYING,  ESTATE  AGENCY,  ETC. 


INWOOD'S    TABLES   FOR    PURCHASING  ESTATES 

AND  FOR  THE  VALUATION  OP  PROPERTIES, 

Including  Advowsons,  Assurance  Policies,  Copyholds,  Deferred  Annuities, 
Freeholds,  Ground  Rents,  Immediate  Annuities,  Leaseholds,  Life  Interests, 
Mortgages,  Perpetuities,  Renewals  of  Leases,  Reversions,  Sinking  Funds, 
&c.,  &c.  28th  Edition,  Revised  and  Extended  by  William  Schooling, 
F.R.A.S.,  with  Logarithms  of  Natural  Numbers  and  Thoman's  Logarithmic 
Interest  and  Annuity  Tables.  366  pp.,  Demy  Svo,  cloth  .  .  ^et  8/0 
Those  Interested  in  the  purchase  and  sale  of  estates,  and  In  the  adjustment  of  compensation 

cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will  hnd  the  present  edition  of 

eminent  service." — Engineering. 

"  This  valuable  book  has  been  considerably  enlarged  and  improved  by  the  labours  ol 

Mr.  Schooling,  and  is  now  very  complete  indeed." — Economist. 

"  Altogether  this  edition  will  prove  of  extreme  value  to  many  classes  of  professional  men  In 

having"  them  many  long  and  tedious  calculations." — Investors'  Review, 
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AGRICULTURAL  SURVEYOR  AND  ESTATE  AGENT'S 

HANDBOOK. 

Of  Practical  Rules,  Formulae,  Tables,  and  Data.  A  Comprehensive  Manual 
for  the  Use  of  Surveyors,  Agents,  Landowners,  and  others  interested  in  the 
Equipment,  the  Management,  or  the  Valuation  of  Landed  Estates.  By 
Tom  Bright,  Agricultural  Surveyor  and  Valuer,  Author  of  "  The  Agri- 
cultural Valuer's  Assistant,"  &c.   With  Illustrations.     Fcap.  8vo,  Leather. 

Net  7/6 

"An  exceedingly  useful  book,  the  contents  of  which  are  admirably  chosen.  The  classes  for 
whom  the  work  is  intended  will  find  it  convenient  to  have  this  comprehensive  handbook  accessible 
for  reference."— Z.i7'«  Stocii  Journal. 

"  It  is  a  singularly  compact  and  well  informed  compendium  of  the  facts  and  figures  likely  to 
be  required  in  estate  work,  and  is  certain  to  prove  of  much  service  to  those  to  whom  it  is 
addressed. " — Scotsma  n . 


AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert 
Squibbs,  Auctioneer.    Second  Edition,  Revised    Demy  8vo,  cloth    .    1 2/6 

"The  work  is  one  of  general  excellent  character  and  gives  much  Information  In  a  com- 
pendious and  satisfactory  tonn." —Builder. 

"  May  be  recommended  as  giving  a  great  deal  of  Information  on  the  law  relating  to 
auctioneers,  in  a  very  readable  form." — Law  Journal. 


THE  APPRAISER,  AUCTIONEER,   BROKER,  HOUSE 

AND  E5TATE  AQENT  AND  VALUER'5  POCKET  A55I5TANT. 

For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities,  and 
Reversions,  and  of  Property  .generally  ;  with  Prices  for  Inventories,  &c.  By 
John  Wheeler,  Valuer,  &c.  Re-written  and  greatly  Extended  by  C.  Norris. 
Seventh  Edition    Royal  32mo,  cloth  6/0 

"  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 
prices  for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  &c. " —Statidarc . 

"Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase, 
sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  with  prices  for 
inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  effects." — Builder. 

THE  AGRICULTURAL  VALUER'S  ASSISTANT. 

A  Practical  Handbook  on  the  Valuation  of  Landed  Estates ;  including 
Example  of  a  Detailed  Report  on  Management  and  Realisation ;  Forms  of 
Valuations  of  Tenant  Right ;  Lists  of  Local  Agricultural  Customs  ;  Scales  of 
Compensation  under  the  Agricultural  Holdings  Act,  and  a  Brief  Treatise  on 
Compensation  under  the  Lands  Clauses  Acts,  &c.  By  Tom  Bright,  Agricul- 
tural Valuer.  Author  of  '.'The  Agricultural  Surveyor  and  Estate  Agent's 
Handbook."  Fourth  Edition,  Revised,  with  Appendix  oontaining  a  Digest  of 
the  Agricultural  Holdings  Acts,  1883 — igoo.    Crown  8vo,  cloth      .  Net  6/0 

"  Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour, 
contents  and  weights  of  timber,  and  fann  produce  of  all  kinds." — Agricultural  Gazette. 

"  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  Interest  and 
value  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds." — Farmer, 

POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovating, 
Improving,  and  Grubbing  Plantations  and  Underwoods,  their  Valuation  for 
Purposes  of  Transfer,  Rental,  Sale  or  Assessment.  By  Tom  Bright.  Crown 
Svo,  cloth  3/6 

"  To  valuers,  foresters  and  agents  It  will  be  a  welcome  aid." — North  British  Agriculturist. 
"  Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  Intere  t 
and  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— A'«j<  Herald. 

THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  Formulae,  Tables,  and  Memoranda  required  in  any  Computation 
relating  to  the  Permanent  Improvement  of  Landed  Property.  By  John  Ewart, 
Surveyor.    Second  Edition  Revised.    Royal  32mo,  oblong,  leather      .  4/0 

"A  compendious  and  handy  little  volume." — Spectator. 
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THE  LAND  VALUER'S  BEST  ASSISTANT. 

Being  Tables  on  a  very  much  Improved  PlaHj  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Acres  to  Statute  Measure,  &c.    By  R.  Hudson,  C.E,     New  Edition. 

Royal  32mo,  leather,  elastic  band  4/0 

"  Of  Incalculable  value  to  the  country  gentleman  and  professional  man."— Farmers'  yournac. 

THE   LAND  VALUER'S   COMPLETE  POCKET-BOOK. 

Being  the  above  Two  Works  bound  together.     Leather         .       .  .7/6 


MATHEMATICS,    ARITHMETIC,  ETC. 


TREATISE  ON  MATHEMATICS, 

As  applied  to  the  Constructive  Arts.    By  Francis  Campin,  C.E.,  &c. 

Third  Edition.    Crown  8vo,  cloth  3/0 

"Sliould  be  in  tlie  hands  of  every  one  connected  with  building-  construction."— A'^zVAri' 
Ke/torter. 

SLIDE  RULE,  AND  HOW  TO  USE  IT. 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Cal- 
culations  with  unexampled  rapidity  and  accuracy.  By  Charles  Hoare, 
C.E.    With  a  Slide  Rule,  in  tuck  of  cover.  Eighth  Edition.  Cr.  8vo  2/6 

MATHEMATICAL  TABLES, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  C.E.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor 
J.  R.  Young.    New  Edition.    Crown  8vo,  cloth         ....  4/0 

LOGARITHMS. 

With  Mathematical  Tables  for  Trigonometrical,  Astronomical,  and  Nautical 
Calculations.  By  Henry  Law,  C.E.  Revised  Edition.  (Forming  part  of 
the  above  work.)    Crown  8vo,  cloth  3/0 

EUCLID, 

The  Elements  of;  with  many  Additional  Propositions  and  Explanatory 
Notes;  to  which  is  prefixed  an  Introductory  Essay  on  Logic.    By  Henry 

Law,  C.E.    Crown  8vo,  cloth  2/6 

*i*  Sold  also  separately,  viz.  :— 

EUCLID.  The  First  Three  Books.  By  Henry  Law,  C.E.  Crown  8vo^ 
cloth   

EUCLID.    Books  4,  5,  6  11,  12.    By  Henry  Law,  C.E.    Crown  8vo,  cloth 


THEORY  OF  COMPOUND  INTEREST  AND  ANNUITIES, 

With  Tables  of  Logarithms  for  the  more  Difficult  Computations  of  Interest, 
Discount,  Annuities,  &c.,  in  all  their  Applications  and  Uses  for  Mercantile 
and  State  Purposes.     By  Fedor  Thoman,  of  the  Societe  Credit  Mobilier, 

Paris.    Fourth  Edition.    Crown  8vo,  cloth  4/0 

"  A  very  powerful  work,  and  the  author  has  a  very  remarkable  command  of  his  subject."— 
Professor  A.  DE  MORGAN.    "  We  recommend  it  to  the  notice  of  actuaries  and  -accountanti.  — 

ARITHMETIC, 

Rudimentary,  for  the  Use  of  Schools  and  Self-Instruction.  By  James 
Haddon,  M.A.    Revised  by  Abraham  Arman.    Crown  8vo,  cloth    .  1/6 
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ARITHMETIC, 

A  Rudimentary  Treatise  on  :  with  full  Explanations  of  its  Theoretical  Prin- 
ciples, and  numerous  Examples  for  Practice.  For  the  use  of  Schools  and 
for  Self-Instruction.  By  J.  R.  Young,  late  Professor  of  Mathematics  in 
Belfast  College.    Fourteenth  Edition.    Crown  8vo,  cloth     .       ,  .1/6 

KEY  TO  THE  ABOVE; 

By  J.  R.Young.    Crown  8vo,  cloth   .1/6 

EQUATIONAL  ARITHMETIC, 

Applied  to  Questions  of  Interest,  Annuities,  Life  Assurance,  and  General 
Commerce :  with  various  Tables  by  which  all  calculations  may  be  greatly 
facilitated.    By  W.  Hipsley.    Crown  8vo,  cloth  -J  /5 

COMMERCIAL  BOOK=KEEPINQ. 

With  Commercial  Phrases  and  Forms  in  English,  French,  Italian,  and 
German.  By  James  Haddon,  M.A.,  formerly  Mathematical  Master,  King's 
College  School.    Crown  8vo,  cloth  -f  /g 

ALGEBRA, 

The  Elements  of.  By  James  Haddon,  M.A.,  formerly  Mathematical 
Master  of  King's  College  School.  With  Appendix,  containing  Miscellaneous 
Investigations,  and  a  collection  of  Problems.    Crown  8vo,  cloth       .  2/0 

KEY  AND  COMPANION  TO  THE  ABOVE. 

An  extensive  repository  of  Solved  Examples  and  Problems  in  Illustration 
of  the  various  Expedients  necessary  in  Algebraical  Operations.  By  J.  R. 
Young.    Crown  8vo,  cloth  -|  /g 

DESCRIPTIVE  GEOMETRY, 

An  elementary  Treatise  on  ;  with  a  Theory  of  Shadows  and  of  Perspective 
extracted  from  the  French  of  G.  Monge.  To  which  is  added  a  Description 
of  the  Principles  and  Practice  of  Isometrical  Projection.  By  J.  F.  Heather, 
M.A.    With  14  Plates.    Crown  8vo,  cloth  2/0 

PRACTICAL  PLANE  GEOMETRY: 

Giving  the  Simplest  Modes  of  Constructing  Figures  contained  in  one  Plane 
and  Geometrical  Construction  of  the  Ground.    By  J.  F.  Heather,  M.A. 

Crown  8vo,  cloth  2/0 

"The  author  is  well-known  as  an  e\-i)eriencecl  professor,  and  the  volnme  contains  as  complete 
a  collection  of  problems  as  is  likely  to  be  required  in  ordinary  pnctice."—^! rc/iilect. 

ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS. 

ByJ.  Hann.   Enlarged  by  Professor  J.  R.  Young.    Crown  8vo,  cloth  2/0 
"The  author's  style  is  exceedingly  clear  and  simple,  and  the  book  is  well  adapted  for  the 
beg-inner  and  those  who  may  be  obliifed  to  have  recourse  to  self-tuition."— y:«.u-zKfi'r. 

PLANE  TRIGONOMETRY, 

The  Elements  of.  By  James  Hann,  M.A.  Seventh  Edition.  Cr.  Svo.    1  /Q 

SPHERICAL  TRIGONOMETRY, 

The  Elements  of.    By  James  Hann.    Revised  by  Charles  H.  Dowling, 

C.E.    Crown  8vo,  cloth   .   1  /Q 

***  Or  with  "  The  Elements  of  Plane  Trigonometry,"  in  One  Vol,  Crown 
8vo,  cloth  2/6 

DIFFERENTIAL  CALCULUS, 

Elements  of  the.    By  W.  S.  B.  Woolhouse.    Crown  Svo,  cloth    .  1  /6 

INTEGRAL  CALCULUS. 

By  HoMERSHAM  Cox,  B.A.    Crown  Svo,  cloth     .      ,      .      ,  .1/6 
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MATHEMATICAL  INSTRUMENTS, 

A  Treatise  on  ;  Their  Construction,  Adjustment,  Testing,  and  Use  concisely 
explained.  By  J.  F.  Heather,  M.A.,  of  the  Royal  Military  Academy, 
Woolwich.  Fifteenth  Edition,  Revised  with  Additions,  by  A.  T.  Walmis- 
LEY,  M.Inst.C.E.,  Fellow  of  the  Surveyors'  Institution.   Original  Edition  in 

One  Vol.,  Illustrated.    Crown  8vo,  cloth  2/0 

*,*  In  ordering  be  careful  to  say  "  Original  Edition,"  to  distinguish  it  from  the 
Enlarged  Edition  in  Three  Vols,  (see  below). 

DRAWING  AND  MEASURING  INSTRUMENTS. 

Including — I.  Instruments  employed  in  Geometrical  and  Mechanical  Draw- 
ing, and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and 
Plans.  II.  Instruments  used  lor  the  purposes  of  Accurate  Measurement, 
and  for  Arithmetical  Computations.  By  J.  F.  Heather,  M.A.  Cr.  8vo  1/6 

OPTICAL  INSTRUMENTS. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for 
producing  copies  of  Maps  and  Plans  by  Photography.  By  J.  F.  Heather, 
M.A.    Illustrated.    Crown  8vo,  cloth  1/6 

SURVEYING  AND  ASTRONOMICAL  INSTRUMENTS. 

Including — I.  Instruments  used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.    II.  Instruments  employed  in  Astronomical  Obser- 
vations.   By  J.  F.  Heather,  M.A.    Illustrated.    Crown  8vo,  cloth  .  1/6 
***  The  above  Three  Volumes  form  an  Enlargement  of  the  Author's  original  ivork 
"  Mathematical  Instruments,"  price  2/0 

MATHEMATICAL  INSTRUMENTS: 

Their  Construction,  Adjustment,  Testing  and  Use.  Comprising  Drawing, 
Measuring,  Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  F. 
Heather,  M.A.    Enlarged  Edition,  for  the  most  part  re-written.  Three 

Parts  as  aljove.    Crown  8vo,  cloth  4/6 

*'  An  exliaustive  treatise,  belonging  to  the  well  known  Weale's  Series.  Mr.  Heather's  experi- 
ence well  qualifies  hiin  for  the  task  he  has  so  ably  fulfilled." — En^ineeriiis  (ind  Building  TiJ?tes. 

STATICS  AND  DYNAMICS, 

The  Principles  and  Practice  of ;  embracinf;  also  a  clear  development  of 
Hydrostatics,  Hydrodynainics,  and  Central'  Forces.  By  T.  Baker,  C.E. 
Fourth  Edition.    Crown  bvo,  cloth  1/6 
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BVERY  MAN'S  OWN  LAWYER. 

A  Handy-Book  of  the  Principles  of  Law  and  Equity.  With  a  CONCISB 
Dictionary  of  Legal  Terms.  By  A  Barrister.  Forty-third  Edition, 
carefully  Revised,  and  comprising  New  Acts  of  Parliament,  including  the 

Trades  Marks  Act,  1905;  Railway  Fires  Act,  1905;  Aliens  Act,  1905; 
Unemployed  Workmen's  Act,  1905;  Marriages  Act,  1905;  Prevention  of 
Cruelty  to  Children  Act,  1904  ;  Weights  and  Measures  Act,  1904  ;  Shop  Hours 
Act,  1904;  and  many  other  recent  Acts,  including  the  New  Law  relating  to 
the  Granting  of  Patents  for  Invention',  which  came  into  operation  on  Jan.  i, 
1905.  Judicial  Decisions  pronounced  during  the  year  have  also  been  duly 
noted.    Large  Crown  8vo,  838  pp.,  cloth.  [Just  Published.    Net  6/8 

*♦*  This  Standard  Work  oj  Reference /arms  K  Complete  Epitome  of  the 
Laws  of  England,  comprising  {amongst  other  matter) : 


THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS 


landlord  and  tenant 
vendors  and  purchasers 
contracts  and  agreements 
Conveyances  and  Mortgages 
JOINT-STOCK  Companies 
Partnership.  Shipping  Law 
Dealings  with  money.  Suretiship 
Cheques,  Bills  and  Notes 
Bills  of  Sale.  Bankruptcy 
Masters,  Servants  and  workmen 
insurance:  life,  accident,  etc. 


Copyright,  Patents,  trade  Marks 
husband  and  wife,  divorce 
infancy,  custody  of  children 
trustees  and  executors 
Taxes  and  Death  duties 
clergymen,  doctors,  and  lawyers 
parliamentary  elections 
LOCAL  Government 
Libel  and  Slander 
Nuisances.   Criminal  Law 
Game  Laws,  Gaming,  Innkeepers 


Forms  of  Wills,  agreements,  Notices,  &c. 


The  object  of  this  -work  is  to  enable  those  -who  consult  it  to  help  themselves  to  the 
lav) ;  and  thereby  to  dispense,  as  far  as  possible,  -with  profess  ionil  assistance  and  advice.  There 
are  many  -wrongs  and  grievances  which  persons  submit  to  from  time  to  time  through  not 
knowing  how  or  -where  to  apply  for  redress;  and  many  persons  have  as  great  a  dread  0/ a 
lawyer's  o/Hce  as  o/a  lion's  den.  With  this  book  at  ha?td  it  is  believ(d  that  many  a  SiX-AND- 
Eightpence  may  be  saved  ;  many  a  -wrong  redressed  ;  many  a  right  reclaimed ;  many  a  law 
suit  avoided  ;  and  many  an  evil  abated.  The  -work  has  established  itself  as  the  standard  legal 
adviser  of  all  classes,  and  has  also  made  a  reputation  for  itself  as  a  useful  book  of  reference  for 
la  wyers  residing  at  a  distance  from  law  libraries,  who  are  glad  to  have  at  hand  a  -work- 
evibodying  recent  decisions  and  enactments. 


*t*  Opinions  of  the  Press. 

"The  amount  of  information  given  in  the  volume  is  simply  wonderful.  The  continued' 
popularity  of  the  work  shows  that  it  fulfils  a  useful  purpose." — Law  Journal. 

"  As  a  book  of  reference  this  volume  is  without  a  rival."— Pall  Mall  Gazette. 

"  No  Enghshman  ought  to  be  without  this  hoo^."— Engineer. 

"Ought  to  be  in  every  business  establishment  and  in  all  X\hidLties."— Sheffield  Post. 

"The  '  Concise  Dictionary  '  adds  considerably  to  its  value."— IVestminster  Gazette. 

"  It  Is  a  complete  code  of  English  Law  written  in  plain  language,  which  all  can  understand; 
,  .  .  Should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers'  bills,  "— 
Weekly  Times. 

"  A  useful  and  concise  epitome  of  the  law,  complied  with  considerable  care."— iaw  Magaxine. 
"  A  complete  digest  of  the  most  useful  facts  which  constitute  English  \ay>."— Globe. 
"Admirably  done,  admirably  arranged,  and  admirably  cheap." — Leeds  Mercury. 
"  A  concise,  cheap,  and  complete  epitome  of  the  English  law.    So  plainly  written  that  he  wfc  o  ■ 
ilms  may  read,  and  he  who  reads  may  understand." — Figaro. 

"  A  dictionary  of  legal  facts  well  put  together.   The  book  is  a  very  useful  one."— Spectator. 


LABOUR  CONTRACTS. 

A  Popular  Handbook  on  the  Law  of  Contracts  or  Works  and  Services.  By 
David  Gibbons.  Fourth  Edition,  with  Appendix  of  Statutes  by  T.  F,  Uttlev, 
Solicitor,    Fcap.  8vo,  cloth  3/S* 
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HANDBOOK  FOR  SOLICITORS  AND  ENGINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders  for 
the  Authorisation  of  Railways,  Tramways,  Gas  and  Water  Works,  &c. 
By  L,  L.  Macassev,  of  the  Middle  Temple,  Barrister-at-Law,  M.I.C.E. 
Svo,  cloth  dBI  Ss. 

PATENTS  for  INVENTIONS,  HOW  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M. 
Hardingham,  Assoc.  Mem.  Inst.  C.E.,  &c.    Demy  Svo,  cloth      .  .1/6 

CONCILIATION  &  ARBITRATION  in  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the 
Question  at  Home  and  Abroad.  By  J.  S.  Jeans.  Crown  Svo,  200  pp., 
cloth  2/6 

MODERN  JOURNALISM. 

A  Handbook  of  Instruction  and  Counsel  for  the  Young  Journalist.    By  John 
B.  Mackie,  Fellow  of  the  Institute  of  Journalists.    Crown  Svo,  cloth    .  2/0 
'*  This  invaluable  guide  to  journalism  is  a  work  which  all  aspirants  to  a  journalistic  career  will 
read  with  advantage." — youmalist. 

DICTIONARY  OF  PAINTERS, 

And  Handbook  for  Picture  Amateurs  ;  being  a  Guide  for  Visitors  to  Public 
and  Private  Picture  Galleries,  and  for  Art  Students,  including  Glossary  ot 
Terms,  &c.    By  Philippe  Daryl,  B.A.    Crown  Svo,  cloth       .      .  2/6 
"Considering  its  small  compass,  really  admirable.    We  cordially  reconnnend  tlie  book." — 
Builder. 

DICTIONARY  OF  TERMS  USED  IN  ARCHITECTURE, 

Building,  Engineering,  Mining,  Metallurgy,  Archaeology,  the  Fine  Arts,  &c. 
By  John  Weale.     Sixth    Edition.     Edited  by  Robt.  Hunt,  F.R.S., 

Numerous  Illustrations,  Crown  Svo,  cloth  6/0 

"The  best  small  technological  dictionary  in  tlie  language." — Architect. 

NATURAL  PHILOSOPHY, 

For  the  Use  of  Beginners.    By  C.  Tomunson,  F.R.S.    Cr.  Svo,  cloth  1/6 

HANDBOOK  OF  FIELD  FORTIFICATION. 

By  Major  W.  W.  Knollys,  F.R.G.S.    Crown  Svo,  cloth  .      .      .  3/0 
"  A  well-timed  and  able  contribution  to  our  military  literature  .  .  .  The  author  supplies,  in 
clear  business  style,  all  the  information  likely  id  be  practically  useful." — Chambers  0/  Connncrce 
Chronicle. 

COMPENDIOUS  CALCULATOR 

(Intuitive  Calculations') ;  or  Easy  and  Concise  Methods  of  performing  the 
various  Arithmetical  Operations  required  in  Commercial  and  Business 
Transactions;  together  with  Useful  Tables,  &c.    By  Daniel  O'Gorman. 
Twenty-eighth  Edition,  revised  by  C.  Norris.    Crown  Svo,  cloth     .  2/6 
"It  would  be  difficult  to  exaggerate  the  usefulness  of  this  book  to  every  one  engaged  in 
commerce  or  manufacturing  industry.    It  is  crammed  full  with  rules  and  formulo^  for  shortening 
and  employing  calculations  in  money,  weights  and  measures,  &c.,  of  every  sort  and  description." — 
X>wwled£^e. 


MEASURES,    WEIGHTS,    AND    MONEYS   OF  ALL 

NATIONS, 

And  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calendars. 
By  W.  S.  B.  WooLHOusE,  F.R.  A.S.  Seventh  Edition.    Cr.  Svo,  cloth  2/6 

A  work  necessary  for  every  mercantile  office." — Building  Trades  Journal 
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SPANISH  GRAMMAR. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes. 
Crown  8vo,  cloth  ■)  /g 

SPANISH=ENQUSH   AND   ENQLISH=SPANISH  DIC= 

TIONARY. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred 
Elwes.    Crown  8vo,  cloth  4/0 

PORTUGUESE  GRAMMAR. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes. 
Crown  8vo,  cloth  -j/g 

PORTUGUESE=ENQUSH      AND  ENGLISH=PORTU= 

OUESE  DICTIONARY. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred 
Elwes.    Fourth  Edition,  revised.    Crown  8vo,  cloth  ....  5/0 

ANIMAL  PHYSICS, 

Handbook  of.  By  Dionysius  Lardner,  D.C.L.  With  520  Illustrations. 
In  One  Vol.  (732  pages).    Crown  8vo,  cloth        .       .       .      .  .7/6 

MUSIC, 

A  Rudimentary  and  Practical  Treatise  on.   By  C.  C.  Spencer.   Crown  8vo. 

2/6 

"  Mr.  Spencer  has  marshalled  his  infonuation  with  iiiiich  sliill,  and  yet  witli  a  simplicity  that 
lid  his  works  to  all  who  wisli  to  thoroughly  understand  music." — Weekly  Times. 


PIANOFORTE, 

The  Art  of  Playing  the.   With  Exercises  and  Lessons.  By  C.  C.  Spencer. 

Crown  Svo,  cloth  1/6 

"  A  sound  and  excellent  work,  written  with  spirit,  and  calculated  to  inspire  the  pupil  witli  a 
desire  to  aim  at  high  accomplishment  in  the  art." — School  Board  Chronicle 


INDEX  OF  SUBJECTS. 


Acetylene  Gas,  Gibbs,  43 

Acoustics,  Smith,  35 

Aerial  Navigation,  Walkei-,  11 

 Tramways,  Tayler,  i 

Agricultural   Geology,  McCon- 
nsll,  53 

 Note  Book,  McConnell,  55 

 Surveying,  Scott,  54 

 Surveyor,  Bright,  58 

 Valuing,  Bright,  58 

Air  Machinery,  Weisbach,  10 
Algebra,  Haddon,  60 
Alkali  Trade,  Lomas,  43 
Alphabets,  Delamotte,  39,  40 
Alternating  Current  Machines, 

Sheldon  and  Mason,  29 
Angles,  Tees,   Plates,  Beams, 

&c.,  19 

Animal  Physics,  Lardner,  64 

 Physiology,  Lardner,  42 

Appraiser's  Assistant,  Wheeler, 
58 

Arches,  Piers,  &c.,  Bland,  32 
Architect's  Guide,  Rogers,  35 
Architectural  Drawings,  Reilly, 
31 

 Modelling,  Richardson,  35 

Architecture,  Ancient,  35 

 Civil,  Chambers,  35 

•  Design,  Garbett,  35 

 Grecian,  Aberdeen,  35 

 Mechanics  of.  Tarn,  35 

 Modern,  35 

 of  Vitruvius,  Gwilt,  35 

 Orders,  Leeds,  35 

 Orders  and  Styles,  35 

 Styles,  Bury,  35 

Arithmetic,  Haddon,  59 

 Young,  60 

 Equational,  Hipsley,  60 

Armature  Wifidings,  Arnold^  29 


Artists'  Pigments,  Standage,  44 
Asbestos,  Jones,  27 
Astronomical  Glossary,  Gore,  41 
Astronomy,  Lardner,  42 

 Main  and  Lynn,  41 

Auctioneers,  Squibbs,  58 

I 

Barn  Implements,  Scott,  54 
Beams,  Flexure  of,  Guy,  18 

!  Properties  of,  19 

Bees,  Samson,  57 

Blast  Furnaces,  Stevenson,  11 

Blasting,  Burgoyne,  19 

Blowpipe,  Ross,  43 

Boiler  and  Factory  Chimneys, 

Wilson,  3 
Boilers,  Armstrong,  4 

 Bauer,  20 

 Courtney,  3,  4 

 FoZijy,  2 

 Horner,  3 

 Hutton,  3,  4 

  Wilson,  3 

Book-keeping,  Haddon,  60 

 for  Farmers,  Woodman,  56 

Boot  and  Shoe  Making,  L^wo,  45 
Brass  Founding,  Graham,  js^j 
Bread  and  Biscuit  Baker,  Wells, 
47 

Breakfast  Dishes,  Allen,  48 
Brewing  and  Malting,  Wright, 
42 

Brick  and  Tile  Book,  33 

 Making,  Dobson,  32 

Brick-cutting,  Hammond,  32 
Bricklaying,  Hammond,  32 
Brickwork,  Walker,  32 
Bridges,  Iron,  Humber,  16 

 Iron,  Pendred,  17 

 Oblique,  iJi^rA,  16 

 Tubular,  Dempsey,  l'j 

B 
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Bridges  and  Viaducts,  Campin, 

British  Mining,  Hunt,  25 
British  Standard  Sections  (Dia- 
grams, Definitions,  &c.),  19 
Builder's  Price  Book,  Lockwood, 
31 

 Measuring,  Beaton,  34 

 Quantities,  Beaton,  34 

Building,  a  Book  on,  Beckett,  32 

 Art  of,  Dobson,  32 

 Construction,  Allen,  31 

 Cottage,  Allen,  32 

 Dwelling  Houses,  Brooks, 

32 

 Estates,  Maitland  32 

 Science  of,  Tarn,  32 


Cabinet-Making,  Bitmead,  38 

 Working,  Hasluck,  49 

Calculator,  O'Gorman,  63 

 Chadwick,  51 

 Concise  Interest,  Campbell, 

51 

 Weight,  Harben,  51 

Calculus,  Differential,  Woolhouse. 

60 

 Integral,  Cox,  60 

Carpenter's  Guide,  Nicholson,  37 
Carpentry  and  Joinery,  Trcdgold 

and  Tarn,  37 

 Tredgold,  37 

Cattle,  Sheep,  &c. ,  Burn,  52 
Cements,  &c.,  Standage,  48 
Chain  Cables,  Traill,  22 
Chemistry  of  Mining,  Byrom,  27 
Chimneys,  Wilson,  3 
Circular  Work,  Collings,  38 
Civil  Engineering,  Law,  18 
Clock  Jobbing,  Hashick,  49 
Clocks,    Watches,  and  Bells, 

Beckett,  46 
Coach-Building,  Burgess,  48 
Coal  &  Iron  Industries,  Mm^f^,  27 

 Mining,  Cochin,  26 

 Glover,  26 

 Smyth,  27 

Colliery  Manager,  Pamely,  26 
 \Vorking,  Bulman  and  Red- 

mayne,  26 
Colouring,  Field  &  Davidson,  40 


Colours  &  Dye  Wares,  Slater,  44 
Commerce,  Gambaro,  50 
Commercial  Correspondence, 

Baker,  50 
Compound  Interest,  Thoman,  59 
Concrete,  Sutcliffe,  33 

 Reinforced,  Warren,  31 

Confectioner,  Flour,  Wells,  48 
Confectionery,  Wells,  47,  48 
Constructional  Ironwork, 

Campin,  18 
Copper  Conductors,  &c.,  ig 

 Metallurgy  of,  Eissler,  24 

Cottage  Building,  Allen,  32 

 Gardening,  Hobday,  56 

Cotton  Manufacture,  Lister,  45 

Cranes,  Glynn,  11 

Creation,  Records  of,  Le  Vaiix, 

Curves,  Tables  of,  Beazeley,  15 
Cyanide  Process,  Eissler,  24 


Dairying,  British,  Sheldon,  53 
Dairy,  Pigs,  and  Poultry,  Burn, 
53 

Dangerous  Goods,  Phillips,  43 
Decoration,  Facey,  39 

 House-Painting,  Graining, 

&c. ,  39 

 Imitation  of  Woods  and 

Marbles,  39 

 Marble,  Blagrove,  40 

 For  other  works  see  pages 

39.  40 

Decorator's  Assistant,  40 
Deep  Level  Mines  of  the  Rand, 

Denny,  23 
Diamond  Drilling,  Denny,  24 
Dictionary     of  Architecture, 

Weale  and  Hunt,  63 

 Painters,  Daryl,  63 

Direct  Current  Machines,  Sheldon 

and  Masi.n,  29 
Discount  Guide,  Harben,  51 
Drainage  of  Lands,  Clark,  13 

 (Mine),  Michell,  25 

Draining  &  Embanking,  So.  '!, 
.54 

Drawing  Instruments,  Heat}.:f, 

i'S. 

 Rules  on,  Pyne,  34 

Dwelling  Houses,  Brooks,  32 
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Dynamic  Electricity,  Atkinson, 
30 

Dynamo  Construction,  Urquhart, 
30 

 Electric  Machinery,  SA^Mow 

and  Mason,  29 

 How  to  Make,  Crofts,  30 

 Management,  Paterson,  29 

 Motor    and  Switchboard 

Circuits,  Bowker,  29 

Earthwork,  Graham,  16 
 Tables,  Broadbent  &  Cam- 
pin,  16 

 Tables,  Buck,  16 

Earthy  Minerals,  Davies,  25 
Electrical  Calculations,  ^;Ai«50«, 
30 

 Conductors,  Perrine,  29 

 Dictionary,  Sloane,  30 

 Engineering,  Alexander,  28 

 Sewell,  28 

 Machinery,     Sheldon  and 

Mason,  29 

 (Report  on),  20 

 Transmission,  Abbott,  28 

Electricity  Applied  to  Mining, 

Liipton,  Parr,  &  Perkin,  26,  29 

 Lardner  and  Foster,  42 

 Text-Book,  Noad,  30 

Electric  Light  Fitting,  Urquhart, 
30 

 Light,  Knight,  30 

 Light,  Urquhart,  30 

 Lighting,  Swiiiton,  30 

 Ship-Lighting,  Urquhart, 

 Telegraph,  Lardner,  42 

 Wiring,     Diagrams  and 

Switchboards,  Harrison,  29 
Electro-Metallurgy,  Watt,  46 

 Plating,  Urquhart,  46 

 Plating,  Watt  and  Philip,  46 

■  Typing,  Urquhart,  /\j 

Embroiderers  Design,  Delamotte, 
40 

Engine-Driving  Life,  Reynolds,  6 
Engineering  Chemistry,  Phillips, 
43 

 Drawing,  Maxton,  8 

 Estimates,  9 

 Progress,  Humber,  iS 

 Standards'  Committee, 

19,  20 


Engineering  Tools,  Horner,  2 
Engineer's  Assistant,  Templeton, 

8 

 Companion,  Edwards,  8 

 Field  Book,  Haskoll,  14 

 Handbook,  Hutton,  4 

 Pocket-Book,  Clark,  7 

 Reference  Book,  Fo'ey,  2 

 ■  Year  Book,  Kevipe,  7 

Engineman's  Companion,  Rey- 
nolds, 6 
Errors  in  Workmanship,  20 
Estate  Tables,  Inwood,  57 
Euclid,  Laiv,  59 
Every  Man's  Own  Lawyer,  62 
Excavating,  Prelini,  15 
Explosives,  Eissler,  43 
 Nitro,  Sanford,  43 


Factory  Accounts,   Garcke  S- 
Fells,  50 

Farm  Acct.  Book,  Woodman,  56 

 Buildings,  Scott,  32,  54 

 Engineering,  Scott,  54 

 Management,  Burn,  54 

 Roads,  &c.,  Scott,  54 

Farmers'  Tables,  Francis,  55 
Farming  Economy,  Burn,  55  * 

■  Outlines,  Burn,  54 

 Practical,  Shepherd,  53 

 Small,  Burn,  53 

Fertilisers,  &c.,  Dyet,  53 
Field  Coils  (Electrical),  20 

 Fortification,  Knollys,  63 

 Implements,  Scott,  54 

Fields  of  Gt.  Britain,  Clenents, 
54 

Fires  &  Fire  Engines,  Young,  11 
Flour,  Kick  and  Powles,  47 
Forestry,  Curtis,  37 
Foundations,  &c.,  Dobson,  18 
French  Polishing,  Bitmead,  48 
French  and  English  Technical 

Terms,  Fletcher,  8 
Fruit  Trees,  Du  Breuil,  57 
Fuel,  Williams  and  Clark,  10 
Fuels,  Phillips,  10 


Garden,  Forcing,  Wo:d,  56 
 Receipts,  Quin,  56 
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Gardening,  Good,  Wood,  56 

 Ladies',  Wood,  56 

 Miiltum-in-Parvo,  Wood,  56 

Gas  and  Oil  Engines,  Bale,  6 

 Engines,  Goodeve,  6 

 Engines,  Mathot,  6 

 Engine  Handbook,  Roberts, 

6 

— —  Engineer's   Pocket  Book, 

O'Connor,  43 

 Fitting,  Black,  47 

 Producer  Plants,  Mathot,  6 

 Works,  Hughes,  18 

Gauge  Length,  Unwin,  ig 

Gauges,  Limit,  20 

Geology,  Historical,  Tate,  28 

 Physical,  Tate,  28 

■  Tate,  28 

Geometry,  Tarn,  17 

 Analytical,  Hann,  60 

 Descriptive,  Heather,  60 

 Technical,  Sprague,  17 

 of  Compasses,  iJjv^'w^,  17 

 Plane,  Heather,  60 

Girders  (Iron),  Buck,  17 

'-^ss    Staining,    Gessert  and 
rmberg,  41 
c  !■     .1 V  of  French  and  English 

.Teciii.'cal  Terms,  Fletcher,  8 
Gold  As;:, tying,  Phillips,  24 

 and  Silver,  Merritt,  24 

 Metallurgy  of,  Eissler,  24 

 Mining  Machinery,  Tinney, 

23 

 i'rospecting,  Rankin,  23 

Goldsmith's  Handbook,  Gee,  46 

■  and  Silversmith,  Gee,  46 

Grafting  and  Budding,  Baltet,  57 
Granites,  Harris,  28 
Grazier,  Complete,  Freatn,  52 


Hall  Marking  Jewellery,  Gee,  46 
Handrailing,  Collings,  38 
— —  Goldthorp,  38 
Hay  &  Straw  Measurer,  Steele,  55 
Health  Officer,  Willoughby,  36 
Heat  (Expansion  by),  Keily,  18 
1  lont.  Lardtier  and  Loewy,  41 
ile^LUng  by  Hot  Water,  Jones,  33 
Hints  to  Architects,  Wight  nick 

and  Guillaume,  35 
Hoisting  Machinery,  Horner,  i 


Hoisting    &    Conveying  Ma- 
chinery, Zimmer,  i 
Horology,  Saunier,  45 
Horticulture,  Neivsham,  56 
House  Decoration,  Facey,  39 

 Owner's  Estimator,S/wo«, 34 

 Painting,  Davidson,  39 

— — Property,  Tarbuck,  34 
Hydraulic  Manual,  Jackson,  13 

 Engineering,  Marks,  13 

 Tables,  Neville,  13 

Hydrostatics,  Lardner,  41 


Illumination,  Delamotte,  40 
India  Rubber,  Johnson,  45,  57 
Indian  Railway  Locomotives,  19 
Inflammable  Gas,  Clowes,  27 
Insulating     Materials  (Elec- 
trical), 20 
Interest  Calculator,  Campbell,  51 
Inwood's  Estate  Tables,  57 
Iron       Trades  Companion, 
Downie,  50 

 and  Steel,  Hoare,  8 

 Metallurgy  of,  Bauerman, 

25 

— —  Ores,  Kendall,  25 

 Plate     Weight  Tables, 

Burlinson  and  Simpson,  51 
Irrigation,  Mawson,  11 
 and  Water  Supply,  Scott,  54 


Jeweller's  Assistant,  Gee,  46 
Joints  (Builders'),  Christy,  38 
Journalism,  Mackie,  63 


Key  to  Haddon's  Algebra,  60 

 to  Young's  Arithmetic,  60 

Kitchen  Gardening,  Glenny,  56 


Labour  Contracts.  Gibbons,  62 

 Disputes,  Jeans,  63 

Land  Improving,  Ewart,  58 

 Ready  Reckoner,  An,.  :  , 

50 

 (Reclamation  of),  Beazelc, 

Land,  Valuing  and  Improving, 
Hudson  and  Ewart,  59 
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Land  Valuing,  Hudson,  59 
Landed  Estates,  Bum,  55 
Lathe  Work,  Hasluch,  9 
Laundry  Management,  48 
Lawyer,  Every  Man's  Own,  62 
Lead  (Argentiferous),  Eissler,  25 
Leather  Manufacture,  Watt,  45 

 Flemming,  45 

Letter  Painting,  Badenoch,  40 
Levelling,  Simms,  15 
Light,  Tarn,  35 
Light  Railways,  Calthrop,  11 
Lightning  Conductors,  Hedges,  33 
Limes,  Cements,  Burnell,  34 
Limit  Gauges,  20 
Locomotive  Engine,  Stretton,  5 

 Engine,  Weatherburn,  5 

 Engine  Driving,  Reynolds,  5 

 Engineer,  Reynolds,  5 

— —  Engines,  Dempsey,  5 
Locomotives  for  Indian  Rail- 
ways, 19 
Logarithms,  Law,  59 


Machine    Shop    Tools,  Van 

Dervoort,  2 
Machinery,  Details,  Campin,  9 
Marble  Decoration,  Blagrove,  40 
Marine  Engineer,  Wannan,  21 

  Engineer's  Pocket  Book, 

Wannan,  21 

 Engineering,  Brewer,  21 

 Engines,  Murray,  21 

 and  Boilers,  Bauer, 

Donldn  and  Robertson,  20 
Market  Gardening,  Shaw,  56 
Masonry,  Purchase,  33 
  and   Stone-Cutting,  Dob- 
son,  33 

 Dams,  Courtney,  13 

Masting  and  Rigging,  Kipping,22 
Materials,  Campin,  18 

 Handling  of,  Zivimer,  i 

 (Strength  oP),  Barlow,  18 

Mathematical  Insts.,  Heather,  61 

 Heather  &■  Walmisley,  61 

  Tables,  Law  and  Young, 

23,  59 

Mathematics,  Campin,  59 
Measured  Drawings,  Reilly,  31 
Measures,  Weights,  &c..  Wool- 
house,  63 


Measuring     Builders'  Work, 

Dobson  and  Tarn,  34 

  Timber,  &c.,  Horton,  34 

Meat  Production,  Ewart,  52 
Mechanical  Dentistry,  Hunter,  47 

■  Engineering,  Campin,  9 

  Handling     of  Material, 

Zimmer,  i 

 •  Terms,  Lockwood,  8 

Mechanics,  Hughes,  10 

 Lardner  and  Loewy,  41 

 Tomlinson,  10 

 of  Air  Machinery,  Weisbach, 

10 

 (Tables  for).  Smith,  8 

Mechanics'    Companion,  Tem- 
pleton  and  Hutton,  7 

 Workshop,  Hasluck,  49 

Mechanism,  Baker,  10 
Mensuration  &  Gauging,  Mant, 
42 

 and  Measuring,  Baker,  17 

Metal  Turning,  Hasluck,  49 

 Horner,  2 

Metalliferous  Minerals,  Davies, 
25 

 Mining  Machinery,  Davies, 

23 

Metric  Tables,  Dowling,  50 
Metrology,  Jackson,  50 
Microscope,  Van  Heurck,  /^i 
Milk,  Cheese,  &c.,  Oliver,  53 
Millers'      Ready  Reckoner, 

Hutton,  55 
Milling  Machines,  Horner,  i 
Mine  Drainage,  Michell,  25 
Mines  of  the  Rand,  Denny,  23 
Mineral  Surveyor,  Lintern,  28 
Mineralogy,  Ramsay,  28 
Miners'  Handbook,  M«7w(?,  25 

 Pocket  Book,  Power,  25 

Mining,  British,  Jf?««i,  25 

 Calculations,     0' Donahue, 

27 

  Chemistry  of,  Byrom,  27 

 Students,  Notes  for,  ilf^n- 

vale,  27 

 Tools,  Morgans,  27 

  and  Quarrying,  Collins,  27 

Model  Engineer,  Hasluck,  49 
MoUusca,  Woodward,  41 
Motor  Cars,  Tayler,  11,  48 
— —  Vehicles,  Tayler,  11 
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Museum  of  Science  and  Art, 

Lardner,  42 
Music,  Spencer,  64 

Natural  Philosophy,  Tomlinson, 
63 

 for  Schools,  Lardner, 

42 

Naval  Architect's  Pocket  Book, 

Mackrow,  21 
— —  Architecture,  Peahc,  22 
Navigation,  Young,  23 

 Greenwood  and  Rosser,  22 

 Practical,  23 

Nuts,  Bolt  Heads,  and  Spanners, 
20 

Oil  Fields  of  Russia,  Thompson, 
23.  42 

Oils,  Analysis  of,  Wright,  42 
Optical  Instruments,  Heather,  61 
Optics,  Lardner  &•  Harding,  42 
Organ  Building,  Dickson,  48 
Oriental    Manuals   and  Text- 
books, 51 

Packing  Case  Tables,  Richard- 
son, 38 

Painting,  Gullick  &'  Tiriibs,  41 
Paper  Making,  Clapperton,  44 

 Watt,  44 

Pastrycook's  Guide,  Wells,  48 
Patents,  Hardinghatn,  63 
Pattern  Making,  Barrows,  9 

—  Hasluck,  49 

 Horner,  8 

Perspective,  Ferguson,  34 

 Pyne,  34 

Pianoforte,  Spencer,  64 

Pioneer  Engineering,  Dobson,  15 

Pipe  Flanges,  19 

  Threads,  20 

Plastering,  Kemp,  33 

Plating  &  Boilermaking,  Hoi'^ 

ner,  3 
Plumbing,  Buchan,  33 

 Laivler,  33 

Pneumatics,  Tomlinson,  18 
Pocketbook,  Agriculturist's, 

Bright,  58 

 Ewart,  58 

 Francis,  55 

 Hudson,  59 


Pocketbook,  Agriculturist's, 

McConnell,  55 
— —  Auctioneer's,  Wheeler,  58 

 Builder's,  Beaton,  34 

 Engineer's,  Clark,  7 

 Edwards,  8 

 Fletcher,  8 

 Hasluck,  9 

 Kempe,  7 

 Smith,  8 

 Templeton,  7 

 Engineman's,  Reynolds,  6 

 Gas  Engineer's,  O'Connor, 

43 

 Health  Officer's,  Willoiighby, 

36 

 Marine  Engineer's,  Mack- 
row,  21 

 Wannan,  21 

 Mensuration  and  Gauging, 

Mant,  42 

 Miner's,  Milne,  25 

 Power,  25 

 Mining  Prospector's, 

Anderson,  24 

 Merritt,  24 

 •  Rankin,  23 

 Refrigeration,  Tayler,  10 

Pole  Plantations,  Bright,  58 
Portable  Engine,  Wansbroiigh,  5 
Portland    Cement,    jFaya  fl«i 
Butler,  34 

 Specification,  ig 

Portuguese  Dictionary,  Etwes,  64 

 Grammar,  Elwes,  64 

Potatoes,  PmA,  57 
Private  Bills,  Macassey,  63 
Producer-Gas  Plants,  Mathot,  6 
Prospector's  Handbook,  Ander- 
son, 24 

Pumps  and  Pumping,  id 


Quantities  (Bui'ders'),  B^aA  «,  34 


Railway  Brakes,  Reynolds,  5 

  Rails,  Bull-headed,  19 

    Flat  Bottomed,  19 

 Rolling  Stock,  20 

 Working,  Stretton,  19 

Reclamation  of  Land,  Beazeley,  11 
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Refrigerating  Machinery,  Tay- 
ler,  10 

Refrigeration,  Tayler,  10 

 (Pocket  Book),  Tayler,  10  ' 

Reinforced  Concrete,  Warren,^! 
River  Bars,  Mann,  13 
Roads  and  Streets,  Law,  15 
Rolling  Stock  (Railway),  20 
Roof  Carpentry,  Collings,  38 
Roofs,  Construction  of.  Tarn,  18 
Rothamsted  Experiments, 

Tipper,  53 
Rubber  Hand  Stamps,  Shane.,  45 

Sailmaking,  Kipping,  22 

 Sadler,  22 

Sanitary  Work,  Slagg,  36 
Savouries  and  Sweets,  Allen,  48 
Saw  Mills,  Bale,  37 
Screw  Threads,  20 

 Hasluck,  g 

Sea  Terms,  Pirrie,  22 
Sewage,  Irrigation,  Burn,  55 

 Purification,  Barwise,  36 

Sewing  Machinery,  Urquhart,  48 
Sheep  (The),  Spooner,  52 
Sheet-Metal  Work,  Crane,  47 

 Work,  Warn  &>  Horner,  47 

Shoring,  Blagrove,  32 

Ship  Building,  Sommerfeldt,  22 

 German,  Felskowski,  22 

Ships  and  Boats,  Bland,  22 
Silver,  Metallurgy  of,  Eissler,  24 
Silv'ersmith's  Handbook,  G££,  46 
Sla.e  Quarrying,  Davies,  27 
Sl'de  Rule,  Hoare,  59 
Smithy  and  Forge,  Crane,  9 
Soap  Making,  44 
Soaps,  Modern,  Lamborn,  44 
Soils,  Burn,  53 

Spanish  Dictionary,  Elwes,  64 

 •  Grammar,  Elwes,  64 

Specifications,  Bartholomew,  32 

 in  Detail,  Mirt^y,  31 

Star  Groups,  Gore,  41 
Statics,  Graham,  17 

 and  Dynamics,  Baker,  61 

Stationary  •  Engine  Driving, 
Reynolds,  5 

 Steam  Engines,  Hurst,  6 

Steam  and  Machinery  Manage- 
ment, Bale,  6 
■  and  Steam  Engine,  Clark,  10 


Steam  Boiler  Construction, 

Hiitton,  3 

 Boilers,  Armstrong,  4 

 Wilson,  3 

 Engine,  Baker,  5 

 Goodeve,  4 

 Haeder  and  Powles,  5 

 Lardner,  5 

 Safe  Use  of,  6 

Steel  Conduits  for  Electrical 

Wiring,  20 

 (Structural)  Specifications, 

19 

Stone     Working  Machinery, 
Bale,  II 

Strains  in  Girders,  Humher,  17 

 on  Ironwork,  Shields,  17 

Structural    Steel    for  Bridges 
and  Building,  19 

 Marine  Boilers,  19 

 Shipbuilding,  19 

Submarine  Telegraphs,  Bright, 
30 

Superficial  Measurement, 

HawUngs,  38 
Survey  Practice,  Jackson,  14 
Surveying,  Baker  and  Dixon,  14 

 ■  Frome  and  Warren,  15 

 Instruments,  Heather,  61 

 Land  &  Marine,  Haskoll,  14 

 Subterraneous,  Fenwick,  28 

 Usill,  14 

  Whitelaw,  14 

 with    Tacheometer,  Ken- 
nedy, 14 

Tanning,  Flenming,  45 

  Watt,  45 

Tea  Machinery  Tayler,  47 
Technical  Guide,  Beaton,  34 

 Terms,  Fletcher,  8 

Telegraph  Material,  19 
Temperature  Experiments  on 

Electrical  Machines,  20 
Temperatu  'e   Experiments  on 

Insulating  Materials,  20 
Timber  Importer,  Grandy,  38 

 Merchant,  Dowsing,  38 

 Richardson,  38 

Toothed  Gearing,  Horner,  9 
Tramway  Poles,  19 

 Rails  and  Fish  Plates,  ig 

Tramways,  Clark,  16 
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Transmission    by  Electricity, 

Atkinson,  29 
Traverse  Tables,  Lintern,  28 
Tree  Planter,  Wood,  57 

 Pruner,  Wood,  57 

Trigonometry,  Plane,  Hann,  60 

 Spherical,  Hann,  60 

Trolley  Groove  and  Wire,  20 
Trusses,  Griffiths,  18 
Tunnelling,  Prelini  and  Hill,  15 

 Simms  and  Clark,  15 

Tunnel  Shafts,  Buck,  16 
Turning  Lathe,  Hasluck,  9 

 Metal,  Hasluck,  49 

 Horner,  2 

 Wood,  Hasluck,  49 

Ventilation  of  Buildings,  Btichan, 
36 

Villa  Architecture,  Wickes,  35 
Visible  Universe,  Gore,  41 
Vitruvius'Architecture,  Gwilt,  35 

Wages  Table,  Garbutt,  51 


Watch  Jobbing,  Hasluck,  49 

 Maker,  Saunier,  46 

 Repairing,  Garrard,  45 

Watches,  History  of,  Kendal,  46 
Water  Purification,  Rideal,  36 

 Engineering,  12,  36 

 Power  of,  Glynn,  13 

 Supply,  Humber,  12,  36 

 Green  well   and  Curry, 

12,36 

 Supply  of  Towns,  Burton, 

12,  36 

Waterworks,  Hughes,  13 
Well-Sinking,  Sivindell,  13 
Wireless  Telegraphy,  Sewall,  30 
Wood  Carving  for  Amateurs,  41 

 Engraving,  Brown,  48 

 Turning,  Hasluck,  49 

Woods  and  Marbles,  Imitation 

of.  Van  der  Burg,  39 
Woodworking,  Hasluck,  49 

 Machinery,  37 

Workmanship,  Errors  in,  20 
Workshop  Practice,  Winton,  g 
Works'  Manager,  Hutton,  3 


PRAPPURV,  AGNKW,  &  CO.  LPi,  PRINTERS,  LONDON  ANP  TONBBJDGEi  [58.8.II.016. 


WEALE'S  SCIENTIFIC  &  TECHNICAL  SERIES. 


MATHEMATICS,   ARITHMETIC,  &c. 

Geometry,  Descriptive.   J.  F.  Heather  .      .      •  2/- 

Practical  Plane  Geometry.   J.  F.  Heathkb.      .   .  2/- 

Anaiyticai  Geometry.    J.  Hann  &  J.  R.  YouNO.      .  2/- 

Geometry.    Part  I.  (Euclid,  Bks.  I.— III.)    H.  Law  1/6 
Part  II.    (Euclid,  Books  IV.,  V.,  VI.,  XL, 

XII.).    H.  Law   1/6 

Geometry,  in  i  vol.  (Euclid's  Elements)   .      .      .    .  2/6 


Plane  Trigonometry.   J.  Hann       .      .      .  .1/6 

Spherical  Trigonometry.   J.  Hann     .       .       .    .  i/- 

The  above  2  vols.,  bound  together  .       .       .  .2/6 

Differential  Calculus.   W.  S.  B.  Woolhouse       .    .  1/6 

Integral  Calculus.   H.  Cox   i/- 

Algebra.    J.  Haddon   2/- 

Key  to  ditto   1/6 

Book-keeping.   J.  Haddon   1/6 

Arithmetic.    J.  R.  Young   1/6 

Key  to  ditto   .1/6 

Equational  Arithmetic.    W.  Hipsley   .      .      .    .  1/6 

Arithmetic.    J.  Haddon   1/6 

Key  to  ditto   1/6 

Mathematical  Instruments.    Heather  &  Walmislet  2/- 

Drawing  &  Measuring  Instruments.  J.  F.  Heather  1/6 
Optical  Instruments.  J.  F.  Heather  .  .  ,1/6 
Surveying  &  Astronomical   Instruments.     J.  F. 

Heather   1/6 

The  above  3  vols. ,  bound  together  ....  4/6 

Mensuration  and  Measuring.    T.  Baker    .       .    .  1/6 

Slide  Rule,  &  How  to  Use  it.    0.  Hoake      .      .  2/6 

Measures,  Weights,  &  Moneys.  W,  S.  B.  Woolhouse  2/6 

Logarithms,  Treatise  on,  with  Tables.    H.  Law  .  3/- 

Compound  Interest  and  Annuities.    F.  Thoman    .  4/- 

Compendious  Calculator.    D.  O'Gorman       .      .  2/6 

Mathematics.    F.  Campin   3/- 

Astronomy.    R.  Main  &  W.  T.  Lynn  .       .       .      .  2/- 

Statics  and  Dynamics.    T.  Baker      .       .      .    .  1/6 

Superficial  Measurement.   J.  Hawkings       .      .  3/6 


CROSBY  LOCKWOOD  &  SON.  7,  Stationers'  Hall  Court,  E.C. 


WEALE'S  SCIENTIFIC  d  TECHNICAL  SERIES. 


BUILDING  &  ARCHITECTURE. 

Building  Estates.   F.  Maitland  .      .      .  2/- 

Science  of  Building.    E.  W.  Tarn      .       .       .    .  3/6 

Building,  Art  of.    E.  Dobson  and  J.  P.  Allen  .      ,  2/- 

Book  on  Building.    Sir  E.  Beckett     .       ,       .    .  4/6 

Dwelling  Houses,  Erection  of.   S.  H.  Brooks       .  2/6 

Cottage  Building.    C.  B.  Allen   2/- 

Acoustics  of  Public  Buildings.    Prof.  T.  R.  Smith.  1/6 

Practical  Bricklaying.    A.  Hammond   .      .       .    .  1/6 

Practical  Brick  Cutting  &  Setting.   A.Hammond.  1/6 

Brickwork.    F.  Walker   1/6 

Brick  and  Tile  Making.   E.  Dobson.  .      ■  3/- 

Practical  Brick  &  Tile  Book.   Dobson  k  Hammond  6/- 

Oarpentry  and  Joinery.    T.  Tredqold  k  E.  W.  Tarn  3/6 

Atlas  of  35  plates  to  the  ahoye   6/- 

Handrailing,  and  Staircasing.    G.  Collinos    .       .  2/6 

Circular  Work  in  Carpentry.    G.  Collings       .    .  2/6 

Roof  Carpentry.    G.  Collinos   2/- 

Construction  of  Roofs.    E.  W.  Tarn  .      .      .    .  1/6 

Joints  used  by  Builders.   J.  W.  Christy       .      .  3/- 

Shoring.    G.  H.  Blagrove   1/6 

Timber  Importer's  &  Builder's  Guide.  RiE.Grandy  2/- 

Plumbing.    W.  P.  Buohan   3/6 

Ventilation  of  Buildings.   W.  P.  Buohan  .  3/6 

Practical  Plasterer.   W.  Kemp   2/- 

House-Painting.    E.  A.  Davidson      .       .       .      .  5/- 

Elementary  Decoration.    J.  W.  Facet  .      .      .    .  2/- 

Practical  House  Decoration.   J.  W.  Facet    .      .  2/6 

Gas-Fitting.    J.  Black   2/6 

Portland  Cement  for  Users.  H.  Faija  &  D.  B.  Butler  3/- 

Limes,  Cements,  &  Mortars.    G.  R.  Burnell  .    .  1/6 

Masonry  and  Stone  Cutting.    E.  Dobson       .      .  2/6 

Arches,  Piers,  and  Buttresses.    W.  Bland      .   ,  1/6 

Quantities  and  Measurements.    A.  C.  Beaton       .  1/6 

Complete  Measurer.   R.  Houton       .      .      .    .  4/- 

Superficial  Measurement.   J.  Hawkings       .      .  3/6 

Light,  for  use  of  Architects.    E.  W.  Tarn      .    .  1/6 

Hints  to  Young  Architects.  Wiohtwick  k  GuiiiAUME  3/6 

Dictionary  of  Architectural  Terms.   J.  Wbale    .  5/- 


CROSBY  LOCKWOOD  &  SON,  7,  Stationers'  Hall  Court,  E.C. 


WEALE'S  SCIENTIFIC  &  TECHNICAL  SERIES. 


BUILDINQ  &  ARCHITECTURE— con W. 
Architecture,  Orders.    W.  H.  Lekds  . 
Architecture,  Styles.    T.  T.  Burt  . 

The  aboTe  2  vols.,  botmd  together 
Architecture,  Design.    E.  L.  Garbett 

The  above  3  vols.,  bound  together 
Architectural  Modelling.    T.  A.  Richardson  . 
Vitruvius'  Architecture.    J.  Gwilt 
Grecian  Architecture.    Lord  Aberdeen  . 

The  above  2  vols.,  bound  together      .       .  . 


1/6 
2/- 
3/6 
2/6 
6/- 
1/6 

s/- 

I/- 
6/- 


FINE  ARTS. 

Dictionary  of  Painters.    P.  Daryl      .      .      .    .  2/6 

Painting,  Fine  Art.    T.  J.  Gttllick  &  J.  Times  .       .  5/- 

Grammar  of  Colouring.  G.  Field  &  E.  A.  Davidson  3/- 

Perspective.    G.  Pyne       .      .      .      .      .      .  2/- 

Glass  Staining  &  Painting  on  Glass  .    '  .      .    .  2/6 

Music.    C.  C.  Spencer   2/6 

Pianoforte  Instruction.    C.  0.  Spencer  .    .  1/6 


INDUSTRIAL  &   USEFUL  ARTS. 

Cements,  Pastes,  Glues,  &  Gums.    H.  C.  Standage 
Clocks,  Watches,  and  Bells.    Lord  Grimthorpe 
Goldsmith's  Handbook.    G.  E.  Gee 
Silversmith's  Handbook.    G.  E.  Gee 
Goldsmith's  &  Silversmith's  Handbook.  G.  K  Gee 
Hall-Marking  of  Jewellery.    G.  E.  Gee 
Cabinet-Maker's  Guide.    R.  Bii'mead 
Practical  Organ  Building.    W.  E.  Dickson 
Coach  Building.    J.  W.  Burgess 
Brass  Founder's  Manual.    W.  Graham 
French  Polishing  and  Enamelling.    R.  Bitmkad 
House  Decoration.    J.  W.  Facet. 
Letter-Painting  Made  Easy.    J.  G.  Badenooh  . 
Boot  and  Shoemaking.    J.  B.  Leno  . 
Mechanical  Dentistry.    C.  Hunter  .  , 
Wood  Engraving.    W.  N.  Brown.       .      ,  . 
Laundry  Management  

GETTY  CENTER  LIBRARY 


2/- 
4/6 

3/- 
3/- 
7/- 
3/- 
2/6 
2/6 
2/6 

2/- 
1/6 

5/- 
1/6 

2/- 
3/- 
1/6 

2/- 
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